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Westinghouse 

Motors. 

Alternate  or  Direct^Current. 

For   all   Industrial   Purposes. 
The  Most  Economical  and  Convenient  Form  of  Power. 


The 


British    Westinghouse 

Electric  &   Mfg.  Co.,   Ltd. 


I 


Had  OiJiccs : 

Norfolk  Street.  Strand,  London,  W.C. 

Branch  Oiiiccs : 

5,  Cross  Street,  Manchester. 

(>5,   Renfleld  Street,  Olasjtow. 

City    Chambers,     Collinjtwood     Street. 

Newcastle-on-Tyne. 
Phsnlx  BullJin|;«.  Mount  Stuart  Square. 
Cardiff. 


Works:   Trafford  Park,  Manchester. 

For  Au4lralia,  New  Zealand,  and  Taamania,  communicate  with; 

Noyes  Bros.,  lop.  Pitt  5trect,  Sydney. 
Noyes  Bros..  15  &  17.  Queen  St.,  Melbourne. 
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1  HARDY  PATENT  PICK  CO.,  LTD. 

SHEFFIELD,  England. 
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i PAGE'S  MAGAZINE 


An    Illustrated    Technical     Monthly,   dealing     with     the    Engineering. 
Electrical.  Shipbuilding.  Iron  d  Steel.  Mining.  <5  Allied  Industries. 


DAVIDGE    PAGE,    Editor, 

Clun     House,    Surrey    Street.    Strand,    London.    W.C. 


TiUphonc  Xo  :    .i.i4.i  UKIiKARl). 

Tck-gr.iplli»:  .niul  Calik-  Address  : 

•SINKWY.  LONDON' 


ANNOUNCEMENTS. 
Subscription    Rates   per   Year. 

Great  Britain  In  advance,  12s.  for  twelve  months, 
post  free.     Sample  copies.  Is.  4d..  post  free. 

ForeiKn  and  Colonial  Subscriptions.  16s.  for  twelve 
months,  post  free.    Sample  Copies.  Is.  6d..  post  free. 

Rcmitt.inccs  should  l>c  made  p.iynhlc  to  Pace's  Macazisi:.  and 
nuiy  be  iitnvardcd  by  Cheque,  Money  Order,  Draft,  Post  Office  Order, 
or  KcKistcrrd  Utter  Cheques  should  he  cro<wed  "  LONDON  & 
COUNTY  HANK.  Covenl  Cirden  Branch."  P.O.s  and  P.O.O.'s  to 
be  maac  pa\-able  at  Hisl  Strand  Post  Office.  I.ondoii,  W.C.  Wlien  a 
change  of  address  is  nutitied.  txith  tlic  new  and  old  addresses  sliould 
l>c  given.  All  orders  nuist  be  accompanied  by  remittance,  and  no 
subscription  will  be  continued  after  expiration,  unless  by  special 
arranffcfuent.  Subscribers  are  requested  tu  give  information  of  any 
irregularity  in  receiving  the  Magatlnc. 

The  whole  oT  the  contents  of  this  publication  are 
eopyrlffht,  and  full  rifthts  are  reserved.  The  Editor  does 
not  hold  himself  responsible  for  opinions  expressed  by 
Individual  contributors,  nor  does  he  necessarily  identify 
himself  with  their  views. 


Advertising   Rates. 

All  inquiries  regarding  Advcrlisemcnts  should  be  directed  to  "THF. 
ADVERTISKMENT  .MANAGER.  Clun  House.  Surrey  Street,  Strand, 
London.  W.C. 

Copy   for  Advertisements 

should  be  forwarded  on  or  before  the  3rd  of  each  month  preceding 
date  of  publication. 

"TO     MACHINERY    MERCHANTS    AND 

■^  ENGINEERS.  Send  lor  our  New  C  italogue  of  I.athes.  Drills. 
PLuirs.  and  other  Enilineers"  Tiwds.  Also  for  Circular  i>i  the  l„ittsi 
Niw  I'elr  Icum  Oil  Engine- (Two  I'alelit".  l.»-'i 

BRITANNIA    ENGINE    AND    TOOL    FACTORY. 
COLCHESTER.    ENGLAND. 


Editorial.  —.1//  cowwiiiticaliotis  intciidcii  for  fiiblica- 
lioii  slioiiltl  be  tfiillcii  oil  one  side  of  the  pal>cr  only, 
and  addressed  U<  "  The  Editor." 

Any  eontributions  offered,  as  likely  to  interest  eitlier  lionie 
or /oreif<n  readers,  ilealiiiii  with  the  industries  eoi\red 
by  the  Mai^azine,  sliontd  be  aceoiii/'anied  t>y  stamped 
and  addressed  envitope  lor  the  return  of  the  MSS.  if 
rcjtcted.  When  payment  is  desired  this  fact  slioiild 
lie  stated,  and  the  full  name  ami  adilress  of  the  writer 
should  appear  on  the  MSS. 

Correspondence  is  invited  from  any  person  upon 
siihucis  L<i  inUrest  to  the  engineering  eoinmnnity.  In 
all  eases  this  must  be  aaoinpanied  l>y  full  name  and 
adtlress  of  the  UTiter,  not  necessarily  for  puttticalion. 
but  as  a  proof  of  good  faith.  Xo  notice  whatever  can 
be  taken  of  anonymous  cominunicalions. 

Se,on/t  E(tili,^ii.  A'tTiV,/.      /Via'  ">,  6,1. 

r)EPREClATION  OF  FACTORIES,  Mines. 

■*— ^  and  Industrial  Undertakings,  and  Iht-ii  Valuation.  Witli  Tables 
and  Examples. 

By  EWIXG  MATHESON.  M.Inst.Ci:. 

The  IVinciplcs  which  should  guide  the  Writing  ott  fnr  wear  and 
tear.  Oosolctc  plant ;  Tcniiiiiable  or  wasting  pn>pcrtics  :  Ertect  on 
luijoitic-tnv  :  Value  defined  as  f.ir  Compulsory  purchase  ;  Goinj;  concern, 
or  dismantled  :  Rateable  value,  rental  value. 

"A  luccevsful  atieinpt  to  syitnn^ititr  exiftini;  in'urination  an<l  lo  make  it 
po«ut»l«  I u  arrive  at  unifomiity  :inil  accuracy  in  inak'ii^  u|>  luUnce  »he«ls  fur 
v.iljjii>a«.    The  tvixi.  It  uni<|ue  oT  iiN  kiTiJ.   — Th/  tltgfiftr. 

E.  «  F.  N.  SPON.   125.  Strand.   London. 


Mr.  C.H.  HUGHES,  A.M.l.Mecli.E., 

Consulting  Engineer   for  Water   WorKs, 

97,    QUEEN     VICTORIA    ST.,    LONDON,     E.C, 

Telephone  No.:  575;  ILiiik 


THE    SHANNON.    LTD,, 
Ropemaher  St..  E.C. 


OFFICE  APPLIANCES. 


See  Page 
95. 


JOSEPH  BOOTH  BROS..  LTD.. 
RODLEY.  LEEDS. 


LIFTING    MACHINERY. 


Sec  PaKP 
62, 


SELIG.  SONNENTHAL  6  CO.. 

85.  Queen  Victoria  St..  6  GRINDING     MACHINES. 

Lambeth    Hill.    London.   E.C. 


THOS.    W.    WARD, 
ALBION    WORKS. 

SHEFFIELD. 


MACHINE     TOOLS. 


See  Page 
7. 


See  Page 
12. 
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PLUNGER 
PUMPS. 


t 


BUCKET 
LIFTS. 


Ill        HI 


ill     ... 


RFACE   ENGIf^E   WITH   SHAFT   PUMPS. 


PUMPING 
MACHINERY 

Specialities— 

DIFFERENTIAL    PUMPING    ENGINES. 
ROTATIVE  PUMPING   ENGINES. 

Horizontal  and  Vertical. 
Compound    and    Triple. 

HYORaULie    PUMPS. 
UNDERGROUND    PUMPS. 
ELEGTRie    PUMPS. 
WATER     WORKS    PLANT. 

HATHORN,  DAVEY  &  CO., 

LIMITED, 

LEEDS, 

ENGLAND. 


JfmMmm        Machine  Tools 


JM 


CHARLES  CHURCHILL  &  CO.,  L 


TO, 


LO>nON:  9  to  15,  Leonard  ^t..  [:.C.        ftliniNCiMfl"!  :  2  to  10.  Albert  ^t. 
M3rStriKMtU;     INEWCASTLt-ON-T/Nt;    and  01  350OW. 


CINCINNATI     MILLING     MACHINE.       No.    4    Plain. 


NO     BELTS,     PULLEYS.    OR     GEARS    TO    CHANCE. 
fSr     Of      OAlfC^n    ^y    using   the  "ALL-GEAR"  FEED,  found 
^3      /o    wAVtlU    onlv  in  the  "NEW  CINCINNATI"  MILLER. 


I  he    abo\e    ^laehine    ean    ,^Iill    more    than    70   .M|uare   inehe.s  per  minute  ol 
rough  tasl  iron  .surface    A I    A   ^ilINOLt:  CUI. 


l^iiWfti(§MHffli 


Machine  Tools 


Selig,  Sonnenthal  6Co. 


Universal  and  Plain   Milling  Machines. 


Vertical    Milling  Machines. 


Patent  Portable 

Keyway  Cutting 

Machine, 
In    Position    on    Boss 
of  Fly  Wtleel. 


A 


Combination    Radial    Drilling 
Machine, 

with    Tapping    Attachment. 


Sliding    Head    Upright 
Drilling    Machines. 


LARGE   STOCK 

OF 

HIGH-CLASS 

MACHINE    TOOLS 

READY     "^OR 

IMMEDIATE 

DELIVERY. 

85,  Queen  Victoria  St.  &  Lambeth  Hill,  London,  E.G. 


BmMEm 


Machine  Tools 


Teleicrinis  i 

"A»quith,    Engineer,  HaliUx.' 

Licter's  Code  u^cJ. 

Nil.  Tet.i    «^5- 


SPECIALITY. 


3n   6  In    RADIAL  DRILL- 
ING. BORING  6c  TAPPING 
MACHINE. 

The  most  Improved 
Machine  on  the 
Market  lor  executing 
High-chss  Accurate 
Vork   quickly. 


STEEL   GEARS 
Machine  Cut  throughout. 


The  Machine  is  manuiactured 
in  large  quantities,  enabling 
me  to  oiler  them  at  a  Price 
defying  competition  for 
a   High-Class   Tool. 


AL\VAYS    IN     STOCK. 


WILLIAM    ASQUITH, 


COMBINED   HORIZONTAL  DRILL- 
ING.        BORING, 

MILLING  & 
FACE-PLATE 
TURNING 
MACHINE. 
Seod  hr  PsrIicvUn. 

ALWAYS  IN  STOCK. 

FIVE  Firti   Prut  Madjis 
lor  MackliK  TooU. 

Cctitr:it;tot'   to    Sitlidb 
iiiciiK 

K-.IAni.lr.llkO  lHr.5. 

.  .  tgnit  wial«4. 

Highroad      Well     WorKs, 
Halifax     (tngland)  .     .     . 


This 
Is  The 


"  Hartness  "  Flat  Tiirrel 
Latliu,  which  is  m.nv  so 
poimlar  with  the  icadin!» 
cni^ineering  concerns  of  the 
world.  Takes  strains  direct, 
covers  a  wide  range  of 
w(5rk,  and  does  not  get  out 


of  order. 


Machine  Tools 


C.A.TALOGUE    SENT    ON     REQUEST. 


JONES  &  LAMS  ON  MACHINE  Co.. 

vv   vv  Exchange  Buildings,  BIRMINGHAM. 


PATENT    PLANING 
MACHINE. 


One  c>(  tlie  grt;ite*>l  dif-adv-iatagcs  in  ctnmcction 
Willi  the  AnuTicaii  type  of  Planin.ij  Machines 
tiilherto  has  bctn  the  restricted  position  of  the 
belt  tlrive.  Tlure  is  only  a  latitude  of  a  few 
inches  on  one  side,  tlie  Vertical  po>-ition.  This 
has  been  overcome  by  our  patented  attacliineiit. 
which  enables  the  In-lt  to  drive  at  any  anjilc 
between  \'crliial  and  Hori/.ontal  from  the 
counter-^lMtt  to  the  machine 


CUNUFFE  &  GROOM,  Ltd., 

Broughton    Iron    WorKs, 
MANCHESTER. 


Showroom  : 

66.    Victoria    Street.    MANCHESTER. 

I^STAIil.lJHED   iScij. 


Machine  Tools 


H.W.WARD&C^BiRM 

• — f^     '•'^  Machine  Tool  Makers. 


EL   STREET. 

INGHAM. 


Telegrams 
"TUDOR. 

BIRMINGHAM 


Telophonc   No 
1469. 


Coiitractota  to 
British   &  Foreign 
Governments, 
and  leading 
Engineering  Firms. 


IMPROVED     LINCOLN    TYPE    MILLING     MACHINE     FOR     HEAVY    DUTY. 

Size  of  Tabic,  Over  all  •  ■  -  -  - 

Size  of  Table,  Worhing  Surface  .... 

Traverse  of  Table        ....... 

Maximum  Width   between   Head  and  Steady 

Minimum  ,,  ,,  ,,  ..  ... 

Cro»*  Movement  of  Head  and   Steady    .... 

Spindle  ........ 

Maximum   Heifht  of  Spindle  above  Table 


8  feet  0  in.  by  i  feel  0  in. 

7     .,      0  ,.     by  2     „     4    „ 

6     .,      0  ,,    or  longer  to  order 

4     ,.      8  „ 

3     ..      •»  ,. 

6    in.  each. 

3-    „     dia. 

2*  „ 


We  make  Six  Sizes  of  these    Machines,  which  cnibcdy  nil  the  latest   practice.     They  are    sultaklr    fcr  all- 
kinds   ol    Electrical    and    Oeneral    EnKlneerlnK    Work. 

FULL       PARTICULARS       ON       APPLICAT'ION. 


Machine  Tools 


This  white  space 
IS 

paid  for 


AUTO.SCRf;WClJTTER 
CL CAVES 


ON    CUTTING 


^  i[<^  A^  Jfk  A''*' A'(>'' 


^^^^ 


Though  ynu  may 
not  thinK  it. 

J. P. 


^     BERTRAMS    LIMITED 


London  Office: 

21,  Gt.  St.  HELEN'S,  E.G. 


ST      KATHERINE'S    WORKS, 

sciENNES,  EDINBURGH. 


Circu.au  Cutter  w tm  Punch  anl 
Apparatus  for  Circles. 


Manufacturers   of   all    kinds   of 

MACHINE    TOOLS 

FOR    ENGINEERS,    SHIP    BUILDERS, 

BOILER    MAKERS,    &.c .    &c 


v^a 


^JiK.JiLj&.Jk..^m.Jk.Jk.Jk.Jk.J!lm-Jk.Jk.Jk.i 

For  Gears,    Bevels,    Worm    Wheels,   Spirals, 
or  anything  in  the  gear  line,  write  to 

THE  BUFFOLINE  NOISELESS  GEAR  Co., 

LEVENSHULME, 


GEAR  SPECIALISTS. 


WHO    ARE    THE    ENGLISH 


Machine  Tools 


1 


Albion  Works,   Sheffield 


Telegrams 


I  ORWARl).    SHIihf  11:1.1).  •■ 


SEND    FOR    CATALOGUES 

(Sew  Issue-   Post  Free. 


8  in.  by  3  )n.  toy  3  in. 
IMPROVED   PLANING   MACHINE 


HIGH-CLASS    NEW    MACHINE    TOOLS 

IN    STOCK    FOR    IMMEDIATE    DELIVERY. 


Telegram.*:    •MILLINU.    SHEFFIELD."         ^or  thC   tdlCSl   .Ilia  niOSJ  Up-IO-DatC 
National  Telephone  No.  :  9H5. 


HEAVY =  = 
MACHINE 
TOOLS   =  = 


\\  kl  ri; 


PLATE    BfNDING    MACHINE. 


Also  Special   Liftine  Jach  for  Electric 
Tramcars. 

GEORGE  ADDY  «S  Co.. 

WAVERLEY  WORKS.  SHEFFIELD. 


1 


Patent  Bevelling  Machines 

FOR    SHIPS'    FRAMES. 

STEAM     HAMMERS 

tow    SMITHS     SHOPS    AND    lOIX.LS 

Forge    Cranes,     Hand     and     Steam. 

DAVIS   &  PRIMROSE, 

XcUb  3roinvoih£i.   EDINBURGH. 


Nj.i.tniii-,      K'il'.ivv's    •  .\i  ami  .V  i.  \.  LtKJi  -  II'' 

liUx'^'iii"  ■      !■  iv  \     It  Mil. 


Ihmi^Mw 


-^ 


Hydraulic  Machine  Tools 


THE 


West  Hydraulic  EiiBineeriiiB  Co., 


Teltj;r;ims  : 

"AcRosTiCAL,  London'"' 

"  ACROSl  ICAl,.    BkADI-OHU  ' 

Contractors 

to  the 

Governments 

of 

Great    Britain. 

India, 

Germany, 

France, 

Russia, 

Italy, 

Spain, 

Belgium, 

Switzerland, 

Japan. 


ESTABLISHED   1894 


NO   OLD 
PATTERNS! 


23,   COLLEGE   HILL,    LONDON.    E.G. 

WorKs  :    BRADFORD.    YORKS. 

MaKers   of  .   . 


High  Grade  Hydraulic  Plant 
and  Machinery. 


The  Hydraulic  Presses  supplied  by 
the  West  Hydraulic  Engineering  Co. 
to  the  British  Government  since 
1895   have  a  total   working    power  of 


19,000  tons. 


QUICK  ACTING     HYDRAULIC     FORGI.\G    PRESS 
100    Tons   on    Main    Ram.  75    Tons   on    Horironlal    Ram.  50   Tons   on   Stripping    Ram. 

I  ; 


%imM.mm 


Machine  Tools 


RICE  6  CO.  (Leeds),  Ltd., 


LEEDS, 

ENGLAND. 


HYDRAULIC 


Riveters. 

Presses, 

Cranes, 

Punches, 

Shears. 

Hoists. 


I 


Lifts, 
Pumps, 

Accumulators, 
Intensifiers, 
Valves, 
&c.,  &c. 


Threc-Tcn  Hydraulic  Crane. 


ARC  Code.  4th  Edition,  used. 
Tclf^rnpltic    Address:    "Picvs,    I.ct<!^ 
Telephone  So. :  J.V'?. 


Che  Reliance  Cubrlcaiing  Oil  €0.  Che  Reliance  Cubricating  Oil  Co.,      * 

1  19  &  20,  Water   Lane,  Great   Tower  Street.     ^ 

HIGH-CLASS     NON-CORROSIVE  ^?''°°I';  ^  ?^-.                        ^^ 

I  IIRRirATINr.      OIL«i  Also   99.  Great   Clyde   street,  ClasBOw;    and  y|, 

LUtlKiOA  I  IINU      V^ll-a  ,     sandhill,   Nfwcastlo-on-Tync.                    'T 

AND     SOLIDIFIED      LUBRICANTS.  ^ 


*  11  is  Ulorlh 

^,  Vfur  Ulhilc 

4-  to  Buy 

^  „,,„    „__._.. 


♦ 


TAYLOR 


AND 


GHALLEN 

«  LTD., 

engineers  Si  machinists. 


I 

« 

I 


DERWENT  FOUNDRY, 
CONSTITUTION   HILL 

BIRMINGHAM. 


aMONG    OUR    SPECItLITItS    ARE 


Pott'er  Presses,  Cools. 
Shears,  and  Cathes. 

i  .ir  ^htct   .\Ul.il    Drawinj;.  M.nni'- 
inj;.  ;inJ  Spinniiij^.  \-c. 
>cu   ML'Comp.-inun^    illu<itrnti«n    of 
iiur   Double   Cr:tnk    For({inn    Prcs-* 
for  Clipping  Drop  Korninnt. 

Press  Cools. 

I  .T  tiic  [TuIuctMin  of  F.lcclr  c 
Li^lii  l*iitini,w.  Cycle.  Motor 
Dynamo.  »nd  Tclcphune  part*t. 


tnachlncry. 


i  ■•)  H,<L  pf'thu'lion  nf  Coinw.  Solid 
Uraun  Cartridge  Ca^ci  fi»r 
Small  Arm*  ami  fjuick  Kinnj; 
tiunn,  Smokcleu*  l*<»«der.  and  Gun 
Cixtxn,  Ac. 


,„„„„♦♦♦,♦♦♦♦♦♦♦♦♦♦*♦♦♦♦♦♦•♦♦♦••♦*♦*♦*♦■*♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 


* 

I 

» 
t 
t 

I 
t 

* 

t 


'1 


Machine  Tools 


Wood  Working 


Complete  Catalogue,  containing 
over  200  illustrations,  sent    . 
free  on   application 


Machinery. 


DL    HEAVY    PLANING    and    THICKNESSING    MACHINE. 

Kicssling's  Machine  Co., 

46,   RIVIINQTON  STREET,  OLD  STREET,    LoNDON,   E.G. 


^iWgaSMDCaEf     MilliiiK  Machines 


Garvin  Millinb  Machines. 

PLAIN  and   UNIVERSAL. 


New  No.  2',. 
UNIVERSAL    MILLER, 
shown   with  Tool    Tray 
complete. 


5ome  Points  .  . 

Regarding  the  New  Style  Nos.  2^,  3, 
&  4  UNIVERSAL    MILLERS.     M 

NO     OVERHANGING      BRACKETS. 
NO     FEED     BELTS. 

Power    Feed   with   Reverse    an  J    Automatic 
Trip  provided  in  all  directions. 

Table,  in-and-Dut,  up-and-down,  and  any  feed 
now  obtained  by  simply  setting  a  handle. 

Complete   control  of  all   the   movements  by 
one  handle. 


General    Description. 

MICROMETER   READINGS   TO   ALL    FEEDS. 

ARM   BRACES   ON   ALL  GEARED   MACHINES. 

SCREW   FEEDS   TO   ALL  MACHINES    except    No.  11. 

TWO  TABLE  FEED  NUTS,  one  adjustable. 

PROTECTED   FEED  WORKS. 

REVERSE   WHILE    RUNNING. 

ELEVATING    SCREW,  providtd  with  Ball  Thrust. 

Jt  v<  ■."* 

No.  16.  PLAIN  MILLER,  for  heavy 
milling  of  any  description.  Suitable 
for  MachineTool  and  EnRine  Builders, 
.ind  for  General   Manufacturing.. 


C.  W.  BURTON  GRIFFITHS  &  CO., 

1.  2.  6  3.  Ludgate  Square.  Ludgatc  Hill.    LONDON.    E.G.; 
and  at  59.  Finnleston  Street.  GLASGOW. 


Luke  &  Spencer,  ua 

BROADHEATH, 

MANCHESTER. 


Telegraphic  Address  ; 

"Emery,  Altriacham. 
N'atioaal  Tetephone  : 

"  Altrincbaiu  49  " 


Manufacturers  of 


GRINDING  , 
and 

POLISHING 

MACHINES. 

EMERY.     .     . 

WHEELS.     . 

Etc 

Send   for  our 
En  la  rged 
Catalogue, 
free    on 
Application. 


SCHISCHKAR  &  COMPANY,  Ltd., 

Sole  European  Agents  lor  the  ACME  AUTOMATIC  SCREW  MACHINE. 

Output  three  to  four  times  th;il  of  .ni\  Silii;le  SpuHile  M.ilIiiiii  . 
Gi  eater   Aeeuiae\.   Hetter    Finish. 

IIVIPROVED     DISC     GRINDERS. 

UNIVERSAL    CUTTER     GRINDERS     Ac.    &c  . 

THE     MILWAUKEE     IVIILLINC     MACHINE. 


W: 


nd   I'll..-. 


65     to     69,     STAFFORD     STREET,     BIRMINGHAM. 


Sawing  6   Woodworking   Machinery. 


Contractors  to  most 
Governments,  many 
Railway  Companies, 
Collieries,  Shipyards, 
Dockyards.  &c.,  ^c. 


\m. 


^--immm 


Over    i,ooo 
Workmen     em- 
ployed in 
this 
Department 


Jtf 


Catalofifue.s   and 

Prices 
on   Application. 


Over   70,000 

Salving    d     Wood  = 

working  Machines 

supplied. 

GRAND   PRIX," 

Paris,   1900. 


0\cr    70   Gold 

Aledals 

and  other 

Highest 

Di.stinctions. 


Hi-\     L.VRGIi     P.\TE\T     H0ivl/'>MA1,     l!\M'    Mil.!.. 


KIRCHNER  ^  CO.,  zuzV^tl^^^'ZZ^rsT..  London,  E.G. 
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Machine  Tools 


Jos.  C.  NICHOLSON  TOOL  Co. 


Engineers   and   Machine  Tool    MaKers, 


Write    for    our 
New  PocKet 
CataloRue. 


Telegrams  : 

•  MACHINERY.  " 


CITY  ROAD  TOOL  WORKS. 

NEWCA8TLE-0N-TYNE. 


A    LABOUR    SAVER 

for    the 

BLACKSMITH'S   SHOP. 


The    "Standard"   Hand  Power 

I  "Tl  Welding  &  Forging 
Machine. 


Two  men  can  weld  bars  and  shafts 
on  this  machine  up  to  three  inches 
diameter,  and  three  men  up  to  six 
Inches  diameter.  One  man  on  the 
lever  gives  a  pressure  on  the  bar  of 
20  tons,  which  can  be  utilised  to  com- 
press collars  and  bosses  in  iron  bars. 


FORCING  C&N  SHAFT 


mr       WELDING       riANCr    COUPLINGS 


CHE  adjoining  illustration  shows 
samples  of  worK  which  can  be 
effectively  and  economically  done 
on  this  machine,  such  as  welding 
flange  couplings  on  shafts,  and  the 
flats  on  to  ship%*  stanchions.  Bossing 
flat  bars  by  compression,  forming 
collars  and  bosses  in  round  bars, 
inserting  bosses  of  larger  diameter.  6c. 
No  smith's  shop  Is  complete  without 
this  machine. 


PirriKC     BROKEN      SHAFT        INSfRTINC     WASHER  TO  FORM    RIGHT     LENGTH 


WELDINC      FOOT       TO    SHIP     STAHTIONS 


MfTHOOS    or     WELDIMC     SHIPS      STANOHIONb 


r^ 
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WHm/Sm 


Machine  Tools 


"^^r- 


^S>^\ti\ij\ijKh\ij\h\0j\K\tt\i/\i/>ij\tf>it\tt\^f\Mi\Mt\Mi\tj\ti\h\OikK^/KK\Mt\h\Oyt\O\t/\h\JU\^ 


WINN'S 
SCREWING  MACHINES 


FOR  TUBES  AND  BENDS.  ALL  SIZES  MADE. 

Also    other    Types    for    ^olts    a,nd    I>futs. 


CharlesWinn&Co. 

ST.    THOMAS    WORKS.  BIRMINGHAM. 


jf^qisV^'4<q/^q^^\^.'4\'i^q^^\^\'4\>f\'4\'4\^\'4\':^\^>4\^^fl^rf^f0\^^^^ 


^iilFk@Ml][i3Elf       Machine  Tools 


3! 


v4-/ 


WILLIAM  RYDER,  LIMITED, 

BOLTON. 


i        THE    BOLTON    BLACKSMITH. 


FROM    STEEL    BAR     IN    ONE    HEAT. 


TIME,    27    SECONDS. 


Machine  Tools 


ELECTRICALLY  DRIVEN  TOOLS 


SPECIAL     MOTORS 
FOR    ALL    KINDS    OF 
HEAVY     MACHINERY. 


4-SIDED     PUNCHING     &     SHEARING     MACHINE. 


CROMPTON  &  Co.,  Ltd 

ARC    WORKS,    CHELMSFORD. 

Head    Office  :-SALISBURY     HOUSE,    LONDON    WALL,    LONDON.    E.G. 


z^ 


ME^im]]         Miscellaneous 


Ihl: 


Wheeler  Condenser 


AND 


Engineering  Co., 


179,  Queen  Victoria  Street, 
LONDON. 


The  most  compact,  durable,  and  efHcient  Cooling 
Tower  Manufactured. 

Maximum     reduction     with     minimum     loss     by 
evaporation. 

90,000  h.p.  operating  in  Great  Britain. 
35,000  h.p.  in  process  of  construction. 


LOBNITZ'  aOLD   DRBUQERS  ARIi 

AT  WORK  I.N  BRITISH   NORTH 

AND  SOUTH  AMERICA.   AFRICA, 

A5IA.  &c. 


.ox^'^^'""" 


Ren 


FRE^' 


Sco-r 


uano. 


Telegraphic  Address; 
I OBMTZ     (?HVFHi;W.      A 1  Code   used. 


The  "Kingston"  Patent  Dredger  <5  Excavator. 


Kingston"  Dredger  and  Grab 


Sole  Manufocturcr*  and  Patcntcca^ 


ROSE.    DOWNS   &   THOMPSON,  Ltd.. 


Old    foundry.    liULl,.   and     .     .     . 

...     12.    Mark    Lanr.    LONDON. 


jhmMm 


Mining  Machinery 


THE     NEW 


Calyx  Patent  CORE  Drill. 


CORES. 


3   in.    to    70  ir 


DIAMETER. 


^               i 

■ 

■■■■  :  •           -M 

-^ 

•Ni 

"'>'    >t^ 

-,    . 

I^g 

w^^-^ 

...:.-^*..- 

r 


Contracts  undertaKen  for  Boring 

ARTESIAN  WELLS  &  COALFIELDS. 

COAL    CORES    A    SPECIALITY. 

The  New  Calyx  Drill  &  Boring  Co.,  Ltd., 

161    to    164,    Dash  wood    House, 
NEW     BROAD     STREET.     LONDON.     E.C. 


431  WiLFLEY  Tables 


Ha\e  been  installei.]  by  the.  .  . 
ANACONDA  COPPKK  COMPANY, 
and  are  now  in   use  at  that  mine. 


li  you  are  in  the  market  tor 
CONCHNTRATINQ  AlACMINI-RY. 
send  for  particulars  of  the  No.  4 
WSLKLHV  TAIil.K,  to  be  obtained 
of   the   Sole    Proprietors;  — 


THE  WILFLEY  ORE    CONCENTR.\TOR 
SYNDICATE,   Ltd.. 

7- 1 1,  Moorgate  Street,  London,  E.C, 

Telegraphic  .Mdrcss  :  ■■  Wrathi.kss.  London." 
Telephone  \o. :  1652  London  Wai.I-. 

Codes  used:    Bkdi-ohd    JIcN'KM.I- :  .\.  li.  C.  ;    MoKI-.IN<;  J>:  Xkai.. 

Genkkal. 

More  than  4,000  Wilfleys  have  been  sold. 
Upwards  of  600  mines  are  using  our  Concentrator. 


■HI 


Phosphor  Bronze  Co., 

SOUTHWARK,    LONDON,  S.E. 

Sole  M..l,ers  ot  the  ()rli;in;i:  "  Cng  Wheel  "  and  ■•  Vule.in  '  Brands  c.f 

"Phosphor  Bronze"  Alloys 

THE  BEST  AND  MOST  DURABLE  OF  METALS 

For  Slide  Valves.  Bearings.  Bushes.   Eccenlric   Straps,   and 

other   parts   of   Machinery   exposed    to   Friction  and  Wear. 

Also  for  Pump  Rods,   Pumps.  Piston  Rings.    Pinions,   Worm 

Wheels,  Motor  Gearing,  etc. 

Castings  in   Phosphor  lironze, 


BrnMimf     Mining  Machinery 
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Steam  Engines.  Pump 
Reducing  IVIachinery 
Cement  Making  Plan 
Linkenbach   Slime   T 
Magnetic  Separating 
Perforated  Plates,  Gc 

n.E.,  37.   Walbro 
Engineers,   High 

8 

3       O 

-    u 

:    a 

\    < 

H     Z 

ERRMANN,  M.I. Mil 
RD  KOCHS  &  CO., 

C  PLANT.     * 
'  BOILERS, 

%   bulk  samples 
Plants.                               / 
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.@MDK]E  f    Mining  Machinery 


mt^^Fimmtk 


Electrical  &■  General  Engineers. 
Newc-astleonTyhe. 

(  En  G  L-A  rs  D. ) 


Telegraphic  Address  :  "ESCO,   XE\VC.\STl,E-OX-TY\i;."  LONDON'  Ol-1'ICIC  :  lo.  Xiu-  Uriduc  Slieet,  Dl.Kkiiiars. 

BfdtlCb  Offices:  London.  Glasgow,  Cardiff,  Sheffield.  Birmingham,  Calcutta,  Bombay.  Bangkok,  Shanghai, 


Johannesburg. 


\% ■  H^@M!1KIB?     Mining  Machin 


ery 


Blast    Furnace 

GAS     ENGINES 


(KORTING'S     PATENT). 


Engineering, 

Mining, 

Milling, 

Smelting, 

Concentration 


and 


Leaching 
Machinery. 


WINDING  ENGINES. 


ROBINS' 

CONVEYING    PLANTS. 


Riedler     Pumps, 
Riedler 

Air  Compressors, 
Riedler 

Electric  Pumps. 


500    H.P.    Kopting:    Blast    Furnace    Oas    Engine     with 
Riedler    Stumpt     BIowiriK   Cylinder. 


FRASER  &   CHALMERS, 

LIMITED. 
OFFICES:    43^    THREADNEEDLE    STREET,    LONDON,    E.G. 

Works  :  ERITH.    KENT. 
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Ha^a^nKiii' 


Aerial  Ropeways 


ILLUSTRATED     PAMPHLET     Bl  A  Y    BE     HAD    ON     APPLICATION. 

Aerial  Ropeways 

AND   INCLINES   ON  ALL  SYSTEMS 

CONSTRUCTED   BY 


*> 


BULLIVANT  &  CO.,  LTD. 

[■■■„iii  Jcigns  b\    VV.  T.  H.  CAKKINGTOX.  M  ln-.t.C.E.) 

EXAMPLES  AT    WORK    ALL    OVER    THE    WORLD. 


N 


^i; 


y- 


ffr'^^i 


A  ^ 


"~1^E*iE»^ 


tieachy    Head    Ropeway. 


Ropeways  constructed  to   carry   from  50   to   2,000   tons   per   day.     Suitable   for   the  transport  of  all 

descriptions    of    materials. 


MAKERS    OF 


Flexible  Steel  Wire  Ropes  for  Cranes,  Lifts,  Hoists, 

Suspension  Bridges,  Ropeways,  &c.,  Haulinjl  and  Winding 

Gear,  and  Pulleys,  Clamps,  h. 


Regd.  Office     72,  Mark  Lane,  E.G. 


Works    Millwall,  E. 
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i[       Aerial    Ropeways 


DOLFBLEICHERT&C"- 


LEIPZIG  GOHLIS 
many, 


/iDaiuitactuici;? 

or  . 


For    the    rapid  and    economic 
handlinjr  of  COAL.   IKON  ORU  and 
BULK  MA  IE  k  LA  L  at   Docks   and     Manufacluring    Plants. 
f       .f       .f      .f       ELECTRIC     OR     STEAA\      DRIVEN. 


I|...•.i.ll^;  .iiul  C.MHniMK  I'l.i-l.  iit.u-.l  I N  ...1JliiI.,cIi<;  K  .lik-n  &  Cojt^vv.  ,  ki  .1  ,    II  irni  n.. 

TiicM-    riircc  Cr;iiu-s  iinlo.id  l..s*J0  Tons  Ciit^liic-.  ill  Ti-n  H'lii' 

SHIPBUILDING    and    YARD   CRANES. 

Cable  Hoist  Conveyors.        Blast  Furnace  Hoists. 

THREE-MOTOR     ELECTRIC    TRAVELLING    CRANES. 
,ji      ^      ^      Improved    Band    Friction    Hoisting    Machinery. 

I'l.uils  aUo  diMCMwl  in  cnncclion  with  ULEICHEKTS  WIKE-KOI'K    IKAMWAYS, 
as  per  advciii'cniciit  of  Ihc  picicdint!  and  following  iiuinhcr. 


AN    EXPERIENCE    OF  30  YEARS. 


I'litpntaif  Chccrtully  rutiihlicd. 


IRcprcjcnl.ilii'f 


J.  SCOTI-ANDERSOH,  "■"-="- 


M.I.EIcclr.EnEfs. 
.•^IILI  I  II:LI).    Ro>nl   Insurance  Uuildin^^s. 


,(§^EE!Elf<^o"veyinij:   Machinery 


CONTRACTORS    TO    H.M.    GOVERNMENT. 


GRAHAM,  MORTON 


WORKS:    LEEDS,    ENG. 


&    CO.,     LTD., 


MAKERS 


CONVEYING  PLANTS 


HUNDREDS    OF    PLANTS    ERECTED. 
COMPLETE     CRUSHING     &    SCREENING    PLANTS 

.      1-()K  .   . 

MINES,    COLLIERIES,    EXCAVATIONS,     GASWORKS,    &c., 

WITH    ALL    UIKUER     WORK,    STRUCTURAL    IRONWORK,    STEBL    liL,\Klil^S,    At. 


Designs,  Estimales,  and  full  particulars  can  also  be  obtained  from  our  Engineering  Oflice,  P.O.  Box,  3693  Johannesburg. 
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'^(^Mmi\\(        Iron  and  Steel 


CdNSETT  IRON   COMPANY  L 


WORK  S   ANoOmCCS    -CONSETT  c  Durham 


Steel    Plates  &  Angles 

(Siemens    Acid    Process  . 

Tees,  Bulbs.  Zeds,  Channels.  Bulb  Tees,  and  Angles, 

KOVSD,    SQUARE     ASD    FLAT    BARS 

STEEL    CHEQUER    PLATES 


BESSEMER 

PIG     IRON. 

Oval 

and  Diamond  Patterns, 

2,500 
1,500 

Tons. 

\ 

LJTPXJT 

Plates 
Angles 

- 

m 

r 

Steel 
1) 

COAL  OWNERS  and  Makers  of 

ji     S      FirebricKs.  CoRe,  6c.,  for  Blast  Furnaces  and  Foundries. 


Material    of   Ihc    HIGHEST   QUALITY    inanufaclured.    such    as   is    used    by    the    British    and    Foreign    Governments    for 

Shipbuilding    and    EnKlni-i-rinc    purposes. 


OFr.cEscoN5ETT'>"'^«^^^'^°NEWCASTLE  «»'T  VNE 
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BmM 


Iron  and  Steel 


^ 


Brown  Bayley  s  Steel  Works,  L'" 


Telegraphic  Addresses 


{   "BAYLEY.  SHEFFIELD." 
(  "BALI.  LONDON." 


5HEFPIELD. 


Manufacturersof  steel  by  the  "SIEMEN'S"  and  "BESSEMER'  Processes. 


AlAKtiRS  OF     .     . 

Tyres,  Axles,  and  Sprinzs  for 
Railway  Locomotives,  Railway 
Carriages  and  Wagons,  and  for 
Tramwav  Kngines  and  Cars. 


Special  Guaranteed  Spring  Steel  for 
Railway  Locomotive  Springs,  Railway 
Carriage  and  Wagon  Springs,  and  for 
Lorry,  Dray,  and  Cart  Springs. 

l'l,uii>hcd  Steel  Bars  for  Sli.il'tiii;;  for  Enyiiiccrs, 
and  .Vgricultiu.il  hnpltnic-nt  Makers. 


STEEL  FORG/NGS.  ' 

SPECIAL  STEEL  BLOOMS  AND  SLABS 


Lontlon  Office:   Suffolk  House,  Lawrence  Pountney  Hill,  R.c 


=^^ 


^syj 


\rs] 


(^MMM    Iron  and  Steel,  Sec. 


Gi^SHflGjSFOR 

ENGINEERS  &TOOL  Makers 

TD  MACHINE    CLEAN  &  BRIGHT 
ALL    OVER. 

PAKKER  f  OUNDRYfaDERBY. 

ON    ADMIRALTY     LIST. 


RAILS 


FIS-HPWTES,  BOLTS, SPIKES, C-m^lRSlcl 
^^    POINTS  AND  CROSSINGS. 


nwv^wj^Fwrir^,. 


Fried.  Krupp 
Grusonwerk. 

Magdeburg-Buckau  (Germany). 


Complete  Installations  for 

Powder   and 

^    Explosive 


Fact 


ones. 


A^ciil  loi  (in-.U  liril.iiii  .imi  ln.l.unl 


W.  STAMM 


25,  Colleee  Hill. 
J  Cannon  Street.  London.  EC 


F.  A.  KEEP,  JUXON  &  Co., 


f  Riveted  Work  ^^r^^uon. 


Manufacturers  o 


TANKS  for  Water  Softening  6  Purifying  Plants. 


MISCELLANEOUS 
IRON-PLATE    and 
CONSTRUCTIONAL 
IRONWORK. 

Railway    Carriage    Tanks 

a    Speciality. 

PERFORATED    SCREENS. 
DAM     PLATES  and  other 
COLLIERY    IRONWORK. 

r  orward    iVorks, 

BARN     STREET. 

BIRMINGHAM. 


3- 


jhrn^mi 


Iron  and  Steel 


»»JHkJ^»j|L»»»A»j»J|L»»»»A»»»»***»»«»»»»*»**«» 


Bent  Cranks 

(SQUARE    OR    ROUND). 

F0RGING3,  3HAFTS,  &c., 

for  Marine  and  Other  Purposes* 


* 

4- 

••• 

4- 

<■ 

4" 

<■ 
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4 
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4 

4 

4 

4- 

4 

t  WOODHOUSE  &  RIXSON 

4 

*  SHEFFIELD. 

4 

4: 


The  above    represents  a    Croup  of  Crank  Axles   bent   by    hydraulic    pressure 
all  throws  bent   in  position,  twisting  befng  dispensed  with. 


•I* 
> 


iii¥^(§MEKIEf         Iron  and  Steel 


CHUBB'SENBINEERS'SAFE 

FOR    PRESERVING    DRAWINGS,    Etc. 

Chubb  &  Son's 


ILLUSTRATED     PRICE    LISTS     ON    APPLICATION 


Lock  and  Safe 
Company, 

LIMITED. 

HEAD  .OFFICE  : 

128,  Queen  Victoria  Street, 
London,  EX. 

WORKS: 

London  and  Wolverhampton.  .  . 


Fl 


DROP- FORCED  WROUGHT  STEEL  SPANNERS, 


SOLID    ^—^   DYNAMO 

ORDP    ^S       (YE 

FORCfO.  g==.    BDIIS. 


V  I 

Armstrong.  Stevens  &  Son,   T 


-5r-      H^ 


^     ^ 


wHiTTM-L  siri;i;t,  _^     ^, 

Birmingham.  -^  ^ 


Price  IJsts  mi  application. 

Hll 


[T 
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Iron  and  Steel 


Farnley  Iron 


HAMMERING     BLOOMS 


l'"ariilcy  I'>ni'  Iron  is  used  in 
Mining  t«'i-  \>\i  cages,  suspending 
gear,  and  other  iinporlani  jjurls, 
and  on  all  the  leatling  Railways 
in  (irral  ISrilain,  India,  and  the 
(_i)l()nies.  lor  shackles  and  other 
\ital  parts  sul)jected  to  repeat('d 
shoci<s. 

r'arnley  Iron  will  stretch  cold 
from  II,  in.  to  2.s  in.  in  a  length 
ol  B  in  hefnrt;  fracture,  and  is 
safest  for  welding.       :=^)^Qig 


Address:  The  Farnley  Iron  Co.,  Ltd.,  Leeds,  England. 


ON    ADMIRALTY    LIST. 


Telegrams:    "CRANKS.    LINCOLN. 


FOR    CRANKS 
&   FORCINGS 
OF    EVERY 
OESGRIPTION 
WRITE   TO 


J 


CLARKE'S 
GRHNK    & 
FORGE    e©., 
LTD.,   LINCOLN, 
ENGLAND. 


""SS — ^ 


f     Iron  and  Steel,  &c. 


WALTER    SCOTT,    Ltd., 


hIocI  »ork-Knr(irhl  I'ier.  India  .|'holo,:ra(.liM  upM.lr  .lo"  n       '1  hv  rUonsion  ol  tlu-  I'l 
ipnlled  the  whole  ullhe  Iron  and  BUM?l»ork.*iu.-J-aiHfoi-l  in  I- hkHi   On   ^oIlI.I  ol  the 
iimloriol  approsliimU'ly  l>clni!  .i.UJU  lo^^ 


f  tlu<  I'icr,  for 


LEEDS      STEEL  Tck-nram.: 

"   BtiKSKMttR, 

WORKS  .    .    .         '-'^«'>«" 
LEEDS,  ENGLAND. 


Manufacturers  of    .    . 

Rolled  Steel 
Joists, 
Channels,  etc. 

Mild  Sle«l  Blooms,  BiUets, 
Slabs,  Tinbars.  Rounds, 
and  Flats. 

Speciality:  Tramrails. 


ftookM  of  Sections  and  othgr  information 

,■11  iif-f^a.^ai'ti. 


RICHARD    DAVIES    &    SONS. 


VICTORIA 

BOLT  AND  NUT 

WORKS, 


^      1 


BILBERRY 

ST., 

MANCHESTER. 


M.nMt4.1urcr,  of  BOLTS,  NUTS,  WASHERS,  RIVETS,  TIE-RODS   IN   IRON   OR  STEEL.    Also   BEST   BRIGHT  FINISHED  NUTS, 
SIT    SCREWS,    WASHERS,    &..,    FOR    ENGINEERS    AND    MACHINISTS.     Tel«|ranit :   "  HtXAGON.  Mancliailer." 


STEEL  CONSTRUCTION 

IN     ALL     BRANCHES. 

building.^    Designed  and    trcttcd  in  all  Parts  of  the  World. 

ROOF   FRAMES.  TRUSSES  AND  GIRDERS  ^oRKS.  CLPOLAS.   LADLES.   CONVERTERS.        ^ 

BLAsi    rurr.  BOILERS,   TANKS   AND  HEAVY  PLATE  WORK. 

GAS   HOLDERS,    PURIFIERS.   ETC.,  ^.,„^,^^  ^....^.r-c 

OPEN   HEARTH  FURNACE  CASIN«.^^^^^     ^^^^^^^  ^^^^    CORRUGATED   IRON. 

RITER-CONLEY    MFG.    CO.,     pittsbvjrg,    p.a..     u.sa.  .  . 

New     York     Office  :      30-41,     Cortlnndt     Street. 


^~^ifr 


-^ -Ur 


Roofs,  &c. 


^T  TO  BE  tak;:^n 


More  durable 

Ihan 

iron.  Cheapest 

for  all 

spans  up 

lo  100  FeeL 

D. 

ANDERSON    d   SON,    Ltd. 

LAGAN     FELT    WORKS. 
FINSBURY     PAVEMENT 

BELFAST,    and 
HOUSE.     LONDON. 

E.C. 

s^  Portable  Building  Co.,  Ltd. 


Finsbury  Pavement  House, 

LONDON. 

Buildings 

for  Home 

and 

■pi.       nilitar\    Quarterns,   Residences, 

hungalows,  &  Hotel   huiUlins^.s 


Manchester   Chambers, 

MANCHESTER. 

Portable, 
Artistic,  and 
Con\fortable 
Dwellings. 


SPECIAL   DESIGNS    FOR  ALL    CLIMATES. 


:^ 


n       IS^    f       f  DELIVERED     F  0  B.     LIVERPO 

z=^ , .,  .  <r:-'^'-'-<  '>• '  "■■' '  'J?;    fV>-  v       Estimates,    Design 


Buildings  Packed  &  Marked  in  Sections 
for  Easy  Transport  &  Erection. 

POOL,    LONDON,    or    SOUTHAMPTON 
s    6   Catalogues    Free. 


h  African  Address  : 

P.O.     BOX     175    JOHANNESBURG. 
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THE  CLEVELAND  BRIDGE  &  ENGINEERING  CO.,  V^ 

Darlington,   England. 
Bridge    Builders   and   Contractors. 


1  ,     I,,.   ,.     \    ..I,    ,.,     |,,.i  ,„.!     II  „K, 


SPECIALISTS    IN    DEEP    WATER    FOUNDATIONS. 

Contr.ictom    for    the     Now    HtOH      LEVEL    One*  ko    Over    tHo    Tyno    at     Newcastle  about  holf   a    mile  lonB. 

Ciirryinic     four    r.tilroaclft    for   the     N.E.R.    Co. 
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Bmrnm 


Wells  Light 


4« 


8 


Hi 


0 

8 


THE 


"m\h  Eight" 


I  IT/liirOfA'  *   WELLS-  PATENTS). 

POWERFUL     PORTABLE     LIGHT     FROM     OIL 

Up  to  5.000  Candle  Power. 
'«. 
For  ENGINEERS.  CONTRACTORS,  SHIPYARDS.  RAILWAYS.  COLLIERIES 
QUARRIES.    MINES,     HARBOURS,     DOCKS,     etc. 


OVER      J5,000      SOLD 


Supplied  to  500  British  and  Foreign   Railways. 

Adopted  by  26  Governments  and  all  leading  Firms. 

Exclusively  used  by  the  Great  Military  and  Naval  Powers. 


Xo.  o, 


Lamp.      500  Candle-power.     Small  Hand  p;ittern 

1.  Do.      500  or  I  500  Candle-power.     Hand  pattern 

2.  1,500  or  2.500  Cindles.     Useful  and  Portable  pattern     , . 

3.  2.500  or  3,500  Candles.     Manchester  Ship  Canal  pattern 

4.  3.500  or  5.000  Candles.     A  most  poweriul  Lamp 

Burns  either  heavy  Wells' Oi!  or   PetroUuni.   but  the  former  is  \crv  t_lu 
,0  per  cent,  more  light  than  petroleLin; 


£7 

7s 

£10 

Os. 

£15 

lOs 

£16 

10s 

£17 

I  5s. 

ives  abuLi!. 

Kettle  Torch  Lamps. 


g 
0 
0 

B 
8 


The  Miner's    Favourite. 

Thousands  Sold. 

Used  exclusivclv  b\'  l*e  Beci>. 

Randt  Mines.  ^:c. 
.Also  largely  used  by  Con-    -v* 
tractors.  Corporations, 

C.>ll:eiies.  \c. 

Large  Flaming  Light. 
N".    iS,   3   Pints.    f\    in. 

Wiuk,  4s.  6d,  each. 
Xo.   iS,  same  shape   as 
above,  but  having  two  Wicks, 
6  Pints,  9s.  each, 


No.    18 


.■V  Splendid 
Lamp,     lilted 
with  2  in.  Wick. 
5  Pintscapacity 
9s.  each.  Suit- 
able loi  Sewer- 
;l   .iud    Drainage    Work 
steam  Trawlcs.  iitc. 


WELLS'  OIL  CAS 
GENERATING    LAMPS. 

Light  from   Kerosene  or  Petroleum 

without  Wick,  Smoke,  or  Smell 
Tl  If'i'..  thin    One    Ppnnv  per   hour. 

J'crrtrt  Safdy. 

Xo   Kx^hsit'f  Xaptha 

iisai. 

Thousaiufs  sold. 

UiuirUxtfd  by    U'imi. 


KACH 
No.  I.',  3  liours  119 

No.  :^A.  will,  Ttipod  13  9 
No.  1;^,  5  hours  ..  14  - 
No.  13A,  with  Tripod  17  - 
No.  14,  jhouts  16,'- 

No.  14A.  with  Tiipod   19/- 


^? 


_     Wells'  Lightning 

'/IIS        LIMEX..  COLOR 

llllilEL^  WASHER. 


0 
0 
0 

0 

i 

i» 
i* 
ii 

a, 
Pi 


NO    OUTSIDE     POWER    REQUIRED. 

LIME,    WHITING,  OR    COLD  WATER    PAINTS, 

Applied  at  a  speed   o(   from  8   to   10  square  yards 
per   minute.   In   a  manner   superior   to  brush    work. 

One  co.nt  with  the  Machine  *m  rough    vn-  tact---  i>-  i\\ua\  to  two  applied  with  brushes, 


Will   save   First    Cost    in   a    Few   Weeks 


■kj  I  I'lice,    \^ilh    ^    It.    Spraving    i*i>Ic-,   and    Ju    ft.    Spct^i.il         .- -.  « /*\  , 

no.     I.  '  .Vimourcd   Hoe.  ^O  IVJS 

»j  -J  Price,  with  Wheels,  5  ft.  Spraying  Pule,  and  20  it.        r  1  rv  1  r\ 

no.    ^.  Special  Ann.uired  Hose,  ilU  I VJ-^*, 

Same  capacity  as  No.  1  Machine. 


0, 


A.   C.  WELLS   6    Co., 
100a,    Midland    Road,    St.     Pancras, 


Worhs  :  Cheetham,  Manchester. 


LONDON.  N.W. 


^Bl  ^  ^SS  ^>  ^    ^:  m  t^.   ^-  *:  ^  <^fl^fL^^^^ 
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INDEX'TO'ADVERTISERS 


Addy,  George,  &  Co 

Allgemeinc  Elektricitats-Gesellschaft  ... 

Anderson,  D.,  &  Son,  Ltd.  

Armstrong,  Stevens  &  Son        

Ashton,  Thomas  A.,  Ltd 

Asquith,  W.  

Atlas  Metal  and  Alloys  Co.,  Ltd. 

Auto  Machinery  Co.,  Ltd.  

Babcock  and  Wilcox,  Ltd.         

Bayliss,  Jones  &  Bayliss 

Becker  &  Co 

Bertrams,  Ltd 

Blake  and  Knowles'  Steam  Pump  Works,  Ltd 

Bleichert,  Adolf,  &  Co 

Blumanii  &  Stern,  Ltd 

Booth,  Joseph  &  Brothers,  Ltd 

Bridge,  David,  &  Co 

Britannia  Engine  and  Tool  Factory    ... 
British  Steam  Specialties,  Ltd 


I'.M.t 

.           ...      .3        1 

64 

37 

34 

73 

8 

,SS 

71 

75 

40 

1 1 

(.,, 

28 

41 

(>2 

>)7 

4 

100 

I'.AG  K 

Brown  Bavlev's  Steel  Works,  Ltd 

...      31 

15rown  Hoisting  Machinery  Co.             

...      48 

Brush  Electrical  Engineering  Co.,  Ltd. 

...     57 

Buffoline  Noiseless  Gear  Co.     ...         

...     II 

Bullivant  &  Co.,  Ltd 

...     37 

Burton,  C.  W.,  Grilliths  &  Co 

...     16 

C.ily.\  (New)  Drill  and  Boring  Co.,  Ltd. 

...     33 

Chubb  &  Sons  Lock  &  Sale  Co.,  Ltd 

•■■     34 

Churchill,  Charles,  cS:  Co.,  Ltd 

...      6 

Clarke's  Crank  &  Korge  Co.,  Ltd 

-     35 

Clayton,  Son  &  Co.,  Ltd 

...     76 

Cleveland  Bridge  Co 

...     38 

Combination  Metallic  Packing  Co.,  Ltd. 

...     72 

Consett  Iron  Co.,  Ltd 

...     30 

Crompton  S:  C<i.,  Ltd 

...    21 

Crowther,  H.          

...     88 

Cunliffe  it  Croom,  Ltd 

...      9 

Davidson  &  Co..  Ltd 

...     67 

Hl2h=class 


LUBRICANTS 


For    Machinery   of    Every    Description. 


NOTICE.    During    the    recent    trials  of   H.M.S.  'VIPER."    when    her   Engines   developed   12,000  Indicated   Horse- 
>3    jj  power,  and  ihe  Admiralty  mean  speed   tor  the  six  runs  showed  36581    knots,  or  a  velocity  equivalent 

to  43  miles  an  hour,  our  Lubricating  Oil  was   used  with   most  satisfactory  results. 


BLUMANN  &  STERN,  Ltd ,  SI  Deptford,  London. 


Tclegr.ims 


■BLUM.^NN.   LONDON." 


Telephone  N.^.  : 


PEPTFORD. 


.S  K. 


Simplex  Steel  Conduit 

CT  COMDUIT 

O..     1_/TD..        MASUFACTURERS. 
80,  Digbeth,  Birmingham. 
20,  BucKlersbury,   London,  E.C. 
1,  Peel  Street,  Manchester. 


-4 


SIMPLEX 


CONTRACTORS    TO 

H.M.  Government  a 
Leading    Municipal   <i 

Electrical  Corporations. 

fiiabcst  nu'ard.  Paris,  lOOO. 


XHE   SIMPLEX 

System  uf  SttL-l 
Conduits  is  the  hest  for 
Interior  W'irinj.;  Work. 
It  IS  the  most  complete, 
and  comprises  SIX  grades 
of  Conduits,  and  over  500 
fittin^js.  It  IS  manufac- 
tured with  the  j^reatest 
care,  and  only  first 
quality  materials  arc 
used. 

Immediate  Delivery. 

I.  XK'i.l.    '  I"<.'i_  1.-      ■■  . 

Birmingham  &  London 


INQUIRIES 

SOLICITED, 

Tetegrams  : 
'Economy,  Birmingham." 


>> 
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Ventilation 


MATTHEWS  &  YATES,  L 

Swinton,    MANCHESTER. 

Electric 
Motors 

Fully  6  Semi=Enclosed. 
J  to  20  B.H.P. 


TD. 


SENO    FOR  CATALOGUE  OF    OUR 
OTHER    SPECIALITIES. 

LONDON  :  84,  Gray's  Inn  Road. 

GLASGOW:  144,  St.  Vincent  Street. 

NEWCASTLE-ON-TYNE  : 

3,  St.  Nicholas  Buildines. 


BLACKMAN  ELECTRIC  FANS 


(Or  Belt  Driven) 

FOR  VENTILATING. 

OVER  60,000  IN  USE. 


MOST  CONVENIENT 
EFFICIENT,  &. 
ECONOMICAL- 


GOLD     MEDAL 

PARIS,    1900. 


JAMES  KEITH  &  BLACKMAN  CO., 

Ltd.. 

Specialists  in  hcaiinfl.  Ucntilaiing 

and  Jiiqh  Hrcssurc  «a$  LlaMinfl. 

27,    Farringdon    Avenue. 

LONDON,      E.G., 

And    BRANCHES. 
Work.  I  HOLLOWAY.    N. 
Foundrio.i    ABBFOATH. 
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(Contd.) 


Davies  &  Sons,  Richard 

Davis  &  Primrose 

Deiglitons  Patent  Flue  &  Tube  Co.,  Ltd. 

Drum  Engineering  Co 

Farnley  Iron  Co.,  Ltd 

Firth,  William,  Ltd 

Fleming,  Birkby  &  Goodall,  Ltd. 


Si 
6t< 


Fowler,  John,  &  Co.  (Leeds),  Ltd. 

59 

Fraser  &  Chahners,  Ltd 

26 

Frictionless  Engine  Packing  Co  ,  Ltd. 

...     71 

Galloways,  Ltd 

5S 

Gilkcs,  G.,  &  Co.,  Ltd 

f)S 

Glover,  M.,  &  Co.            

82 

Graham,  Morton  &  Co 

J9 

Green,  E.,  &  Son,  Ltd 

Inside  Back  Cover 

Greenwood  &  Bailey,  Ltd. 

6;, 

Grittin,  Charles,  &  Co.,  Ltd.      ... 
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Gunthcr,  \V.,  &  Sons      

6S 

Hadt^eld's  Steel  Foundry  Co.,  Ltd. 

57 
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6f) 

Hall,  J.  P.,  &  Sons,  Ltd 

90 

Hammond  Typewriter  Cn. 

.-       ON 

Handyside,  Andrew,  &  Co.,  Ltd. 
Hardy  Patent  Pick  Co.  Ltd.  ... 
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Hindley,  E.  S 
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Humbolt  Engineering  Works  Co. 
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International  Electrical  Engineerin.u 
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CHARLES    GRIFFIN^^^O^  PUBLICATIONS. 

FOCKTEEXTH  Em  [ION,  Revised.     Dcmv  Svo,  CIc.lli.     With  Xumcr.Hi- IIlustr.itioii^,  rcj  ;  l-.I  i :   .;ii  \V. -:  :  ■  ;,  I  '    1'.     ,-.      P:     i       19. 

A    MANUAL    OF    MARINE    ENGINEERING. 

With  a  Chapter  on  Water-Tube  Boilers. 
By  A.  E.  SEATON.  M.Inst.C.E.,  M.lnst.Mech.E.,  M.Insf.N.A. 

GEXER.4L  Contexts— P;u I  I.— Principles  01   M.iiine  Propulsii.n.     F>.,rl  II.-l'^llcipIc^  o;  Sjcim  Uii^iiRxriiU.      Part  1 1  i.-Ue'.ai 

Dcsiun  .ind  CalculaUons  for  Cylinders,  Pistons,  V.ilves.  Expansion  Valves,  etc.     Part  1\^- Propellers.     Part  \--HM^r-..     I.  vi  ,,,„  ,|  has  n> 

■■  In  the  three-fold  capacity  of  enabling  a  student  to  learn  how  to  desisn.  construct,  and  work  a  .Marine  atea.n  E.i^in--,  .Mr.  bsaton  ,  .M.iau.il  111^ 
rival.''— nwif-i. 

"  By  far  the  best  Manual  in  e.xistence.*' — Athcmattn. 

-diiLtd  fv'iiii  \Vrir!:;ii-4  rirawiii-s  niu!  2<o  lll!i-tr:,t!,.,i^  '"  il.,_.  ri--r      2|S. 


of  Mariae  linj;ine^; 
Part  VI.— Mis:ellaneoiis. 


r. 


us  ri.i 


A    MANUAL    OF    LOCOMOTIVE    ENGINEERING. 

By  WILLIAM   FRANK  PETTIGREW.   M.Inst.C.E.    With 


Section   on    American   and    Continental    Engines 
by  ALBERT   F.'rAVENSHEAR,   B.Sc. 

GeNER.AL   C.NTKMx-Hi-torical   l„tr..rtuction.— M-dcn,  I,,k,,„,„i,..«  :    s.mple  :    Cnupunul  -Lylmdcrs,  Sleam  Chests.  an:l  Sti«<i"S  »«=--' ;;'"''- 
Piston  K.xis.  Crossheads  and  Slide  Bars.  Connecting  and  Couplm;;  Rods.-Wheels  an  1  .Axles,  licarnl,-  ^V;'<yA^--''^^^n^'^-i-\f\':^f''^:--^^^^ 
Kirebox  Fitlin.i;s.-Tender5.-Brakes.-l.ubric.ation.-Consuniption    of   Fuel,   Eiu.iency.-.imencan   Locomotives. -Continental    L.>.onioti%c, 
Repairs.  Inspection,  and  Renewals. — Index. 
•'  Likely  to  remain  for  many  years  the  St.axdaRD  WoUK  for  those  wishin.i"  to  learn  DeMgn.  — iiyiikv;. 

In  Large  Svo.     Handsome  Cloth.    With  Plates  and  Illustrations.     16s. 

LIGHT    RAILWAYS    AT    HOME    AND    ABROAD. 

M.Inst.C.E.       ll.,,u     1>  p.UvM,n.,;4c.-,    X.r;;,.W.,U:i.     Rui.v.iy,   India.) 
■r^  — Ligl"  0  ■•'"■•'■^  >■'    n.li'inni    hiance.  Hale.  America,   the  Colmiies.  ln;li.i.   Ireland.  — the 


By     WILLI.A.M     IIF.NRY     COLE.     ,    , 

GEXER.L  CuNn.xr,s-Ensl;»h   Ka.I.v.iv.s,  Ii.lte^,  and   lMrmer..-Ligh;  Ka.hvays  1,1   licl.guim,  Kr.-ince,  Itale  America,   the  Col.n,ies.  lil.li.T 

Light  l(ailw.avs  Act.  lS>A-The  (juestion  of  Gauge. -Construction  and  Woikmg.-I.oc  im.itivesami  Rolling  Mock.- \pp.-n.llce. and  Inicx. 
will  remain  (or  some  time  vet  a  SlAxruKD  Work  in  everything  relating  to  Ligat  RaiKv.lvs    —En^ini;-r. 

InLari^eSv...      H;,::,l-  :i:x  O -H..     P, .  .u^,el  V  lllust.  .Ud  '.v.th  P1a:.-~,  ll:..^-:,^.  -     ,!1l;!-        24S.net. 

CENTRAL    ELECTRICAL    STATIONS. 

By    CHAS.    H.    WORDINGHAM.    A.K.C..    M.Inst.C.E..    M.lnst.Mech.E., 

Utc  Member.. I  the  OuKicd.,!  the  In-tiuitc  .,1  EkcU'cal  l-;ni;uiecis,  .and  Elec;r:c  U  E  1-  a.-=r  I  >  lae  C  ty  ..t  M.an^hester. 
GEXER.XL  COXTEXTS -Introductory.  -The  Establishment  01  a  Central  Station. -Systems  oi  Supply. -Clwicc  ot  Site  7\''-;J''«='"''-;i';"'"^";-' '^'"  ;'"'' 
General  Design.-Bo.lers.-Ooal  Handling. -Genenitors.-CondenMiig  Appl.ances.-Sw.lchmg  Ge..r.-Uistributmg  '\l""-.-J'^^V"!f.^.i^,'  !!"';.," 
Insulation.  Resistance,  and  Cost.-Testuig.-Recording  and  Laying  01   Mains.-Meters  and  Appliances. -Mand.irdi>m- 
Lighting —Cost  of  Production.— Meth.ads  of  Chargin.g.— General  Organis.ilioiis  of  a  Central  Stati.m.— lxl)hX. 
"  One  oi  tlie  .most  v.vi.iaiu.k  coxiRltUTloxs  to  Central  Station  literature  we  have  li.ad  for  some  lime, 
which  have  produced  the  volume  bel.ire  us."— /ijV./r/cifv. 

London      CHARLES    GRIFFIN    &    CO.,    Ltd.,    Exeter    Street,    Strand. 
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Naylor,  J.  G.,  &  Co.,  Ltd. 
Nicholson  Tool  Co. 

Parker  Foundry  Co. 
P.irkinson,  J.,  &  Son 
Pekrun  .Maschinen-Fahi  ik 
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Phcenix  Dynainii  Co. 
Phosphor  Bronze  Co.,  Ltd. 
Piggott,  Thos.,  &  Co.,  Ltd. 
Pochin,  E.  Arnold 
Polishers'  Supply  Co. 
Portable  Building  Co.,  Ltd. 
Pulsometer  Engineering  Co., 


Ltd. 


Reliance  Lubricating  Oil  Co. 
Renshaw,  W.  R.,  &  Co.,  Ltd. 
Rockwell- Wabash  &>.,  Ltd. 
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Ritcr-Conley  Mfg.  Co.     ... 
Robcy  &  Co.,  Ltd. 
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Compressed  Air  lim^ 

for  raising  water  from  WELLS,  BoREHOLEitc. 
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THE  ROYAL  DOCKYARD  AT  PORTSHOUTH. 

BV 

W.    PRICE. 

In  giving  puhlicity  to  this  aiticle,  the  Eilitur  wi.uld  emphasise-  the  fact,  stated  cl>c-\vhCTL-,  thai  \iu  doo 
not  necessarily  identify  himself  with  the  views  of  contributors. 

A  number  of  controversial  points  are  raised,  and  some  of  tlie  leadiny;  questions  coiiiiected  «  itii  dockvard 
administration  are  here  presented  as  they  appear  to  the  casual  observer.  Xcxt  moiiih  the  matter  will  be 
dealt  with  from  an  opposite  point  of  view  by  a  naval  expert. — Editor. 


N  view  of  the  fact  that  the 
Royal  dockyards  cost  the 
country  millions  every  year, 
and  ai'e  as  necessary  to  the 
existence  of  the  Navv  as 
the  Navy  is  to  the  existence 
of  the  Empire,  it  is  asto- 
nishing that  so  Httle  should  be  known  about 
them  by  the  nation,  whose  property  they  are. 

A  Royal  dockyard  is  just  a  big  engineering 
and  shipbuilding  establishment  that  is  pre- 
vented by  red  tape  from  becoming  as  efficient 
at  all  points  as  the  best  of  private  yards 
are.     It  differs,  too,  from  the  latter  in  that  tiie 


picturesque  impress  of  the  Navy  is  visible  in 
every  part  of  it.  Of  tlie  various  Royal  dock- 
yards, that  at  Portsmouth  is  the  most  im- 
portant, though  it  is  closely  followed  by 
Devonport  and  Chatiiain.  From  the  days  of 
.Alfred  the  Great,  Portsmouth  has  figured 
ill  naval  history,  but  the  jiresent  dockyard  only 
dates  tiack  as  far  as  Tudor  times.  In  the  reign 
of  Henry  \TII.  the  yard  covered  just  eight 
acres  ;  it  now  spreads  over  about  300  acres, 
and  there  is  a  likelihood  of  further  extensions 
in   the   near  future. 

.As  one    would    expect  in    a    place  that  has 
been  centuries  in   developing,  tlie  ancient  and 
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the  modern  exist  cheek  by  jowl.  In  one 
place  you  can  see  dry  docks,  closed  with 
gates  and  floored  with  stout  oaken  slabs,  and 
a  little  further  away  some  of  the  fniest  dry 
docks  in  the  world.  Altogether  the  yard  con- 
tains 17  docks.  No.  1  dates  from  1340,  and  is 
-'53  ft.  yin.  long,  and  57  ft.  i  in.  deep.  Xos.  14 
anil  15,  the  most  modern  in  the  yard,  are  each 
565  ft.  6  in.  long,  one  of  them  is  94  ft.,  the 
other  8j  ft.  deep.  These  were  built  in  order  to 
accommodate  the  big  four-funnelled  cruisers 
that  are  now  becoming  so  numerous  in  our 
fleet.  Two  other  docks  are  also  being  con- 
siderably lengthened,  because  our  warships 
have  outgrown  the  accommodation  provided 
for  them.  There  are  also  si.x  basins,  having  an 
aggregate  area  of  69^  acres,  the  largest  basin 
being  22  acres  in  extent.  Berthing  room  for  a 
great  many  ships  is  provided  alongside  the 
jetties  and  in  the  harbour,  and  yet  the  dock- 
yard is  frequently  overcrowded. 

INADEQUATE     ENGINEERING     PLANT. 

A  good  deal  of  space  is  given  up  to  store- 
houses and  workshops,  and  from  an  engineering 
point  of  view  the  latter  form  the  most  important 
section  of  the  establishment.  Even  to-day  the 
Admiralty  does  not  always  adopt  a  receptive 
attitude  towards  new  ideas,  and  in  the  past  its 
conservatism  has  often  been  adamantine.  Pro- 
posed changes  were  regarded  with  disfavour 
because  they  would  have  been  innovations  ;  not 
because  they  were  unnecessary.  The  Xaval 
service,  both  ashore  and  afloat,  suffered  as  a 
consequence.  In  time  a  more  progressive 
generation  came  along,  and  wrought  useful 
changes  in  the  fleet  ;  but  still  the  dockyards 
were  neglected.  And  even  now  in  the  work- 
shops at  Portsmouth  and  other  similar  establish- 
ments, there  is  to  be  found  plant  that  no 
enterprising  shipbuilder  would  thinkof  retaining. 

Taken  as  a  whole,  the  engineering  plant 
is  somewhat  antiijuated  and  insufficient  :  it 
cannot  cope  with  the  demands  made  upon 
the  establishment.  It  is  a  strange  com- 
mentary upon  Admiralty  methods  that  our 
chief  Naval  dockyard  is  so  poorly  equipped 
with  engineering  machinery  that  the  engines  of 
a  small  cruiser  cinnot  be  built  there  without 
seriously  interfering  with  the  repairing  and 
refitting  work   on   other  vessels.      Yet   that    is 
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how  matters  stand  at  present,  as  was  proved  by 
the  delay  in  constructing  the  engines  of  H.M.S. 
I'andora,  which  are  of  only  7,000  i.h.p. 

The  Admiralty  olVicials  know  the  incapacity 
of  the  dockyards  in  this  particular  so  well 
that  the  engines  of  our  new  warships  are 
nearly  all  made  by  private  contractors,  even 
when  the  hulls  are  dockyard  built.  Undoubtedly 
there  is  much  to  be  said  in  favour  of  allotting 
to  private  lirms  a  good  share  of  Government 
work  ;  but  that  does  not  excuse  the  engineering 
deficiencies  of  our  premier  Naval  yard.  This 
establishment,  like  the  ships  attached  to  it,  for 
manning  and  maintenance  purposes,  should  be 
kept  in  a  condition  that  would  ensure  its  being 
in  the  highest  possible  state  of  efliciency  if  a 
war  broke  out.  The  yard,  however,  cannot  be 
said  to  be  kept  up  to  this  standard.  Its  engi- 
neering plant  is  insufiicient  for  peace  require- 
ments, and  it  would  be  impossible  to  adequately 
meet  the  strenuous  demands  that  war  would 
make  upon  it.  Such  a  condition  of  alfairs,  if 
allowed  to  continue,  could,  without  exaggeration, 
be  asserted  to  constitute  a  grave  national  danger. 
It  is  only  fair  to  the  Admiralty  to  say  that 
a  certain  quantity  of  new  machinery  has  been 
purchased.  But  the  shops  have  not  been  re- 
stocked with  it  to  the  extent  they  ought  to 
have  been'  or  to  an  extent  that  will  secure  as 
mucli  efficiency  as  could  be  obtained  in  the 
space  at  present  allotted  to  engineering  plant. 

A  new  steam  factory  is  to  be  erected  at 
an  estimated  cost  of  ;f  188,000  ;  but  how  much 
of  this  is  to  be  spent  on  bricks  and  mortar 
and  how  much  on  machinery  is  not  apparent. 
The  building  of  a  new  workshop  in  a  Royal 
dockyard  is  not  always  a  move  towards  greater 
efficiency  in  the  plant.  Within  the  past  few 
years  a  new  boiler-making  shop  has  been  con- 
structed at  Portsmouth  ;  but  a  good  deal  of 
old  machinery  was  used  in  its  equipment.  It 
is  to  be  hoped  that  this  policy  of  building  new 
stabling  for  old  horses  is  not  to  be  followed 
in  the  case  of  the  new  steam  factory.  In  the 
estimates  for  the  current  financial  year  £j,ooo  is 
aUowed  towards  the  cost  of  the  factory.  This 
may,  pcrhajis,  mean  that  towards  the  end  of  the 
year  the  site  will  be  laid  out  and  the  foundations 
excavated.  Whether  the  remaining  ^'iM  1,000 
will  be  provided  next  year,  will  depend  upon 
whether  the  Admiralty  wants  the  money  for 
other  purposes  or  not. 
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WHY     IMPROVEMENTS     ARE     DELAYED. 

One  cause   ol    tlic    eii.uinccring   deficiencies 
of  Portsmoutli   dockyard  is  that  the  Navy  and 
the  Naval  estabhshmenls  are  controlled  mainly 
by  sailors  (the  sea  Lords  of  the  Admiralty),  who 
are  prone  to  consider  dockyard   equipment  as 
of  secondary  importance  to  the  multiplication 
of  ships.     Another  cause  is  the  procrastinating 
methods  of  the   Admiralty.     If  a  private  hrm 
decides  that  it  needs  new  machinery,  it  straight- 
way gets  it.    But  such  business-like  directness  is 
impossible   in   the  dockyards.     First,   the   Ad- 
miralty has  to  be  brought  to  recognise  that  the 
new    machine   is    wanted  ;     then    the    various 
deitartmeiits  concerned  have  to  take  the  matter 
into  consideration.     Eventually  the  thing  gets 
so  far  that  it  is  put  into  the  next  year's  estimates  ; 
and  then  tlie  iieculiar  system  of  allocating  ex- 
penditure   operates  to   produce  further  delay. 
Instead  of  the  required  article  being  purchased 
outright,   a    certain   sum  of  money  is  allowed 
towards  the  cost  of  it  ;    a  part  of  the  work  is 
d:)ne,  and  the  remainder  carried  over  till  the 
next  financial  year.     The  block  mills  at   Ports- 
mouth afford  a  good  illustration  of  the  necessity 
for  the  renewal  of  much  of  the  dockyard  plant. 
The  machinery  in  these  mills  was  designed   by 
the   elder   Brunei  in    i8oi.      At   that   time    its 
construction   was    a    big   jump   forward ;    but 
machinery  a  century  old  in  design  can  hardly  be 
considered  as  suitable  for  a  modern   industrial 
establishment.    Some  of  the  smithery  ajipliances 
are  also  obsolete,  and  some  of  the  docks  are 
still  emptied  by  chain  pumps  that  have  done 
service  for  many  years  past.     Although  Ports- 
mouth   is    the    principal    Naval    dockyard,    it 
possesses  only  one  building  slip.    This  has  been 
lengthened  so  that  a  vessel  500  ft.  long  can  be 
laid  down   upon   it. 

SOME     UP-TO-DATE     APPLIANCES. 

A  Step  in  the  right  direction,  however,  has 
latterly  been  made  by  the  erection  of  a  new 
smithery,  and,  more  especially,  in  the  laying 
down  of  a  pneumatic  tool  jilant  lor  riveltingand 
drilling  alongside  the  slip.  These  tools,  which 
are  oi  .American  p.ittern,  are  a  most  valuable 
addition  to  the  docky.ird,  where  all  rivetting 
and  drilling  h.is  hitherto  been  done  by  hand. 
Another  important  improvement  is  the  intro- 
duction of  what  is  reputed  to  be  the  most 
powerful   set  of   steam  derricks  in  the   world. 


Portsmouth    Dockyard. 
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These  were  erected  about  a  year  a;4n  by  Messrs. 
Cowans,  Sheldon  and  Co.,  Ltd.,  of  CarHsle,  and 
have  been  tested  to  150  tons.  The  ilhistration 
of  these  derricks  is  doubly  interestin;^,  as  the 
ship  lying  beneath  them  is  H.M.S.  Good  Hope, 
which  has  been  requisitioned  for  Mr.  Chamber- 
lain's journey  to  South  Africa.  For  the  working 
of  the  capstans,  the  sliding  caissons  and  some 
of  the  cranes,  compressed  air  is  generated  at  a 
central  station  and  carrietl  all  over  the  y-'ui!. 
To  a  considerable  extent  the  dockyard  is  built 
upon  mudland  that  was  reclaimed  by  convicts. 
But  the  wearers  of  the  broad  arrow  are  no 
longer  employed  as  dockyard  labourers,  and 
the  prison  that  housed  them  has  been  turned 
into  electrical  workshops. 

ADMINISTRATION     AND     ORGANISATION. 

So  much  for  the  engineering  asjiect  of  the 
dockyard  ;  now  a  word  as  to  administration. 
There  are  some  10,000  workmen  employed  at 
Portsmouth,  and  the  wages  bill  is  upwards  of 
Xi4,ooo  weekly.  This  is  exclusive  of  otiicials' 
salaries  and  the  pay  of  the  not  inconsiderable 
number  of  men  from  the  Naval  Depot  who  are 
employed  about  the  yard  in  one  capacity  or 
another— mainly  upon  ships.  The  Commander- 
in-Chief,  who  is  a  full  Admiral,  has  control  over 
the  ships  commissioned  and  ready  for  com- 
mission, the  Naval  Depot  and  the  gunnery  and 
torpedo  schools.  The  dockyard  proper  is  in 
the  charge  of  a  Kear-Adniiral,  denominated  the 
Admiral-Superintendent,  wlio  receives  in  pay 
and  allowances  .:^~i,''^!S3  per  year,  and  is 
furnished  with  a  residence.  He  also  has  a 
professional  adviser  called  a  civil  assistant. 
This  oflicial,  who  is  an  ex-Chief  Constructor, 
draws  a  salary  of  ;^"  1,000  ,1  year.  Otlier  heads  of 
departments — are  the  Chief  Constructor,  whose 
maximum  salary  is  XS50  a  year  ;  the  Chiel 
Engineer,  who  receives  £7So  a  year,  and  is  a 
naval  ofticer  ;  and  the  Director  of  Works,  a 
Koyal  Engineer  officer,  who  is  paid  .^"1,000 
a  ye.ir.  The  Staff  Captain  and  King's  Harbour- 
master, and  captains  of  the  dockyard  and  fleet 
reserves  are  not,  strictly  speaking,  dockyard 
oflicials,  tiiough  their  duties  lie  within  the  yard 
and  thev  have  oflicial  residences  there.  Admiral- 
Superintendents  are  ajipointed  for  three  years. 
Usually  they  are  men  who  have  spent  the 
greater  part  of  their  lives  at  sea,  and  conse- 
quently  tiieir  training    has    not    jierhaps    been 
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of  the  kind  that  best  lits  a  man  to  j'uide  a  big 
industrial  concern.  At  present,  iiowever,  Ports- 
mouth possesses  an  Admiral-Superintendent 
who  has  good  qualifications  for  his  post.  But 
p.ist  experience  of  this  and  other  yards  has 
demonstrated  that  though  a  man  may  be  an  ex- 
cellent lleet-commander,  he  may  not  be  suitably 
qualihed  for  the  post  of  Admiral-Superintendent. 
It  can  scarcely  be  expected  that  a  system  that 
often  plumps  round  men  into  square  holes 
can  produce  uniformly  successful  results. 
The  best  man  to  manage  a  shipyard  is 
unquestionably  the  one  who  is  specially 
fitted,  by  his  training,  for  the  post.  A  man 
who  has  spent  the  greater  part  of  his  life  in 
learning  seamanship,  gunnery,  etc.,  can  hardly 
possess  many  qualifications  for  managing  a  big 
shore  establishment.  The  complexities  of  dock- 
yard organisation  are  difticult  to  understand. 
But  there  are,  however,  some  good  points 
about  it,  one  of  the  best  of  which  is 

THE     SVSTEM     OF     TRAINING     MECHANICS. 

The  majority  of  people  will,  no  doubt,  be 
surprised  to  learn  that  there  exists  in  the  Royal 
dockyards  a  system  of  technical  education  that 
might  advantageously  be  taken  as  a  model  by 
the  country  generally.  Xo  Cockerton  judg- 
ments can  interfere  with  it,  and  it  has  for  years 
past  given  splendid  results.  Apprentices  pass 
into  the  yard  by  examination,  and,  after  getting 
in,  have  to  attend  the  dockyard  school  for  a 
period  of  three  years.  They  thus  get  practical 
knowledge  in  the  shops  and  theoretical  instruc- 
tion in  the  classes.  In  order  to  encourage  the 
lads,  the  highest  boys  at  the  yearly  examinations 
are  made  either  engineer  students  at  Keyham 
College  or  students  of  naval  construction,  as  the 
case  may  be. 

Sir  E.  J.  Reed,  Sir  William  White,  Mr. 
Philip  Watts,  nearly  all  the  Chief  Construc- 
tors in  the  Royal  dockyards,  and  many  men 
who  hold  important  positions  under  private 
firms,  began  life  as  apprentice  boys  at  Ports- 
mouth and  other  Royal  dockyards,  and 
owe  their  start  in  life  to  the  teaching  of  the 
dockyard  schools.  This  educational  system 
furnishes      the     yards     with     highly     skilled 


mechanics  ;  and  in  order  that  the  Govern- 
ment may  have  a  hold  upon  them,  a  certain 
proportion  of  the  men  are  "  established  " — that 
is,  they  become  civil  servants,  and,  as  such,  are 
entitled  to  pensions  at  the  age  of  sixty.  A  good 
many  of  them  must  perforce  remain  at  their 
tools,  as  opportunities  f(jr  promotion  are  limited, 
and  the  only  hope  they  have  of  earning  extra 
money  is  by  qualifying  as  divers.  A  good  deal 
of  diving  work  is  done  in  thedockyards.  Divers 
are  wanted  every  time  a  ship  is  docked,  and 
also  for  repairs  to  c.iissons.  etc. 

COALING     FACILITIES. 

One  of  the  basins  at  Portsmouth  is  given  up 
to  ships  in  the  A  Division  of  the  P'leet  Reserve, 
vessels  that  are  ready  for  commissioning.  Close 
by  these  is  the  coaling  point,  which  should 
store  about  20,000  tons  of  coal.  Usually  a  much 
larger  quantity  is  laid  there,  and  within  recent 
years  tires  caused  by  overcrowding  the  storage 
space  have  given  some  trouble.  To  prevent  a 
recurrence  of  these,  and  to  provide  more  liberally 
f(H-  the  demands  of  the  ships,  plans  were 
prepared  for  the  provision  of  a  big  coaling 
depot.  Rat  Island,  in  Portsmouth  Harbour, 
which  is  now  used  as  a  parade  ground  by  the 
boys  of  H.M.  trainmg  ship  SI.  Viiueiii,  was 
suggested  as  a  suitable  spot,  but  owing  to  the 
difficulty  of  finding  good  foundations  for  the 
piling,  it  seems  probable  that  this  scheme  may 
be  abandoned.  In  this  event,  some  other 
must  be  devised  in  place  of  it,  for  the  present 
coaling  depot  is  not  only  too  small,  but  is  also 
insufficiently  equipped  wit'.i  transporting  ap- 
pliances. Only  one  big  ship  at  a  time  can  fill 
her  bunkers  alongside  it. 

In  Portsmouth  Harbour  are  many  acres  of 
mudbanks.  The  work  of  removing  these  in 
order  to  provide  moorings  for  more  ships  is 
being  steadily  proceeded  with.  Every  year 
some  ;^5,300  is  spent  upon  the  dredging 
operations.  Eut  unless  the  rate  of  progress  is 
accelerated,  many  years  must  elapse  before  the 
area  of  deep  water  is  greatly  extended.  How- 
ever, valuable  anchorage  space  has  been  added 
to  the  port,  which  can  now  afford  a  haven  for  a 
considerable  lleet. 


JAMI'.S  SWlMiL'RNE, 

President  of  the  Inslitutiiin  or  Electrical  Eii.uiiieers,  M.Inst.C.IC,  ?>l.I.Meeli.E. 

ARGUMENT. — Conventionality  and  hatred  of  novelty— one  reason  lor  want  of  enterprise  in  En.tjland. 
Dift'eren;  ua\s  of  tinancinsj  an  invention.  Finance  in  early  stages.  The  syndicate  and  its  tronhles. 
Inertia  and  want  of  enterprise  of  moneyed  men.  The  limited  company  and  its  evils.  A  typical  inventor 
and  his  ditticiilties.  His  own  industry  will  not  have  him.  Outsiders  isjnorant.  He  gets  up  a  syndicate. 
He  gives  up  most  of  his  interest.  The  syndicate  .gets  short  of  money.  Forming  a  large  company.  The 
ways  of  promoters.  Indecision.  Waste  of  time  and  money.  Final  llotation.  Outrageous  capital. 
Incompetent  directors.     Final  catastrophe.     What  is  wanted. 


'TPHE  more  unpractical  ol  tlio  political 
economists  assume  that  a  good  thing 
will  at  once  displace  a  bad  one  ;  and  that  a 
different  manufacture,  as  good  as  an  old  prodiTct 
or  better,  and  at  the  same  time  cheaper,  will 
replace  it  forthwith.  Such  a  theory  as  this  is 
held  onh-  by  jieojile  with  a  profound  ignorance 
of  human  nature.  We  have  all  a  great  deal  of 
the  savage  in  us  still,  and  one  of  the  strongest 
characteristics  of  the  savage  is  his  hatred  of  the 
labour  of  ado])ling  anything  new.  People  dis- 
like anything  that  involves  hodilv  e.xertion,  but 
they  generally  hate  anything  that  involves  think- 
ing, and  more  especially  anything  like  decision. 
Conventionality  and  ctistom  are  inerelv  devices 
for  saving  people  the  trouble  of  thinking  or 
deciding.  In  order  to  save  us  the  trouble  of 
deciding  for  ourselves,  it  is  beneficently  settled 
for  us  that  we  must  wear  clothes  of  a  ]>articiilar 
shape  and  colour,  that  our  hats — in  London,  at 
any  rate — must  be  cylinders  of  paste-board 
covered  with  the  excretions  of  insects  :  that  we 
must  have  open,  smoky  fires  with  a  shelf  over 
each,  bearing  three,  five,  or  seven  jars,  or  an 
even  number  of  jars  and  a  clock,  that  we  shall 
eat  off  discs  of  silicate  of  alumina,  and  not  off 
wood  or  metal ;  that  we  shall  expose  the  tender 
legs  and  arms  of  babies  to  the  weather  ;  that  we 
shall  sleep  half  the  day  and  sit  up  half  the  night ; 


and  so  on  through  ninet\'-nine  out  of  a  httndri-d 
of  the  petty  details  of  our  existence.  All  this 
is  to  sa\-e  us  the  pain  of  decision.  In  so  far  as 
it  lueans  economy  of  decision,  so  that  we  are 
more  able  to  decide  in  other  cases  that  come  up, 
conventionality  is  a  good  thing  ;  but  to  the 
e.xtent  that  it  saves  decision  altogether,  it  is 
merely  keeping  up  our  savage  character.  E.x- 
treme  conventionality  is  conspicuous  among 
savages,  and  among  lower  types  generally. 
The  schoolbov,  being  undeveloped,  is  much 
more  conventional  than  the  man,  and  woe 
betide  the  luckless  youth  wlio  tries  to  do  any- 
thing new  or  original  at  a  jmblic  school.  Next 
come  women,  and  next  to  them  comes  thcaverage 
luan.  ilost  men  hate  to  have  to  arrive  at  any 
decision  on  anything,  and  loathe  anything  new 
th£t  involves  any  change  of  mental  attitude. 
The  ordinary  magistrate's  hatred  of  the  bicycle 
ter;  wars  ago,  and  the  persecution  of  the  motorist 
to'day,  are  due  to  savagery.  The  local  opposi- 
tic  n  to  electrical  tramways,  the  objections  raised 
to  iron  steamshijjs  and  breech-loading  guns  in 
the  Navy,  and  to  anything  modern  in  the  Army, 
ai'd  generally  to  all  improvements  that  involve 
change,  are  due  to  the  same  survival  of  savage 
instinct. 

The  untortunate  inventor  is  thus  tremendously 
handicapped  from  the  very  beginning.     Kvery- 
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tliinj^  seems  to  In?  against  liim  in  the  early  stages. 
when  he  is  working  out  his  cnide  idea,  and  the 
whole  world  is  against  him  as  soon  as  he  tries 
to  develop  it  commercially.  The  man  of  un- 
applied science  has  difficulty  in  getting  a  new 
thcon-  understood,  or  a  new  discovery  realised  : 
but  he  has  mainly  to  de|)end  on  other  men  of 
unapjilied  science  for  his  reputation.  At  the 
very  worst,  if  he  can  but  publish  a  jiajier.  he  is 
secure,  as  it  is  only  a  matter  of  time.  If  he 
does  not  belong  to  the  right  scientific  clique  he 
may  have  his  ]iapers  rejected  by  learned  societies. 
or  buried,  as  Waterston's  was,  or  may  meet  with 
op}X)sition,  as  in  the  case  of  young  Helmholtz  ; 
but  he  only  has  to  wait,  and  if  he  is  right  he  gets 
his  full  reward.  He  has  not  to  persuade  cajnt- 
alists  or  the  public  that  his  views  are  right. 
An  inventor,  on  the  other  hand,  must  not  only 
work  out  his  theor\-,  or  make  his  discovery, 
which  if;  as  far  as  his  colleague  goes  ;  but  he  has 
to  work  out  details,  get  his  invention  into  a 
practical  shape,  and  get  it  taken  up  bj'  the  public. 
If  he  fails  in  any  one  of  these  matters,  he  reaps 
neither  credit  nor  anything  more  solid :  he 
might  much  better  have  left  the  whole  thing 
alone. 

WHY     BRAINS     AND     MONEY     DO     NOT     CO 
TOGETHER. 

It  has  been  said  that  some  jjeople  have  money 
and  other  jieople  have  brains.  The  obvious 
retort  is  that  if  the  other  people  have  brains 
they  ought  to  get  the  money  too.  The  proverb 
looks  like  the  outcome  of  envy,  and  at  first 
sight  seems  to  have  no  foundation  in  fact.  But 
it  ma\'  be  true  all  the  same,  and  there  may  be  a 
very  good  reason  for  it.  Life  is  so  short  that  it 
is  very  difficult  for  a  poor  man  to  become  \ery 
rich,  at  any  rate  in  this  country.  But  the 
struggle  which  the  ])oor  man  has  to  undertake 
excites  the  growth  of  his  mental  faculties,  i  nd 
though  it  may  not  give  him  anj'  more  lew 
brains,  it  sharpens  and  trains  what  he  1  as. 
The  great  man  in  nearly  all  walks  of  life  has 
had  a  hard  struggle  when  young.' and  he  not  only 
succeeds  Ixcause  he  is  a  great  man,  but  he  is  a 
great  man  largeh.liecause  he  has  had  to  strug;^le 
in  early  years.  But  the  unfortunate  inventor, 
unless  his  invention  is  of  some  very  jwculiar 
kind,  has  to  be  financed,  and  is  thus  de|xnd'nt 
on  moneyed  iKxijile  for  his  start,  and  i>eople  w  ho 


talk  glii)ly  aliout  making  fortunes  by  inventions 
have  very  little  idea  of  the  difficulties  in  the  way 
of  the  inventor  who  wants  capital. 

We  may  consider  the  different  types  of  jjeople 
who     finance    inventions,     and     try    and     see 
the  causes  of  the  want  of  enterprise.      We  are 
told  by  the  newspai)ers  that  the  country  is  in  a 
bad  way  because  we  are  now  devoid  of  enter- 
prise.    This  is  ascribed  to  many  causes.     Want 
of  technical  education  is  one  reason  given,  and 
there  may  be  a  good  deal  in   it.     This  cry  is, 
however,  also  largely  due  to  the  technical  science 
teacher,  who  wants  to  glorify  his  office  ;  and  until 
our  technical  school  teachers  are  technologists 
with  ])ractical  knowledge  we  shall  not  get  any 
technical  teaching,  and  while  they  are  mere  un- 
practical bookmen,  who  insist  on  trying  to  teach 
technologv  which  they  do  not  understand,  instead 
of  unapplied  science,  which  they  might  more  easily 
study,  we  must  do  without  the  teaching  of  first 
principles    too.     But    there    is    something    far 
deeper  than  any  matter  of  technical  education  : 
there  is  a  complete  want  of  enterprise.     Is  it 
not  because  money,  and    therefore    control   of 
industry,  is   largely   in    the   hands  of   the  sons 
of  the  people  who  made  it  ?     A  man  in  the  busy 
part  of  last  century,  owing  to  a  plucky  struggle 
as  a  young  fellow.  de\elops  a  large  manufac- 
turing  business.     In   due   time   his  sons  come 
into  it.    They  have  had  an  easy  time  as  boys, 
and   are   only   able   to  carry   the   business  on. 
It  takes  httle  to  carry  on  an  established  business  ; 
it  will  in  a  way  go  on.  and  even  increase,  of 
itself.     If  the  sons  work  at  their  father's  busi- 
ness they  do  so  in  a  rather  ineffectual  way,  but 
they  are  more  likely  to  take  no  interest  in  it 
whatever.     In  England  snobbery  does  us  great 
harm  industrially.     We  have  still  the  idea  that 
a  gentleman  is  a  man  with  no  occupation.     The 
ambition  of  the  son  of  the  cotton  spinner  or 
iron-master   is  to  belong  to  the  county.       He 
therefore   buys   a   house   awa\-   from   the   town 
where  his  work  is,  and  hunts  and  shoots,  becomes 
a  country  magistrate,  and  believes  it  will  be  a 
bad  time  for  the  country  when   the  good  old 
sporting  country  gentleman  dies  out.     Such  a 
man  as  this  puts  an\-  money  he  has  to  sjiare 
into  various  limited  liability  companies,  which 
last    a    \ear  or    two    and    then    retire   to  the 
cuigki-il.    We  will  deal  with  limited  comjianies 
jjresently. 
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THE    LIMITED    COMPANY. 

Another  type  of  man  entirely  is  the  City 
financier.  He  is  keen  enongh  in  a  way  ;  but 
he  knows  notliing  of  industry,  and  he  is  only 
concerned  with  floating  limited  companies 
and  selling  out  quickly.  All  he  wants  is 
to  get  shares  which  are  rising  and  to  sell  them 
at  a  higher  value.  He  does  not  concern  himself 
in  the  least  with  industrial  success. 

The  limited  liability  company  was  intended 
as  a  means  by  which  all  sorts  of  big  enterprises 
might  be  taken  up  by  small  investors  without 
danger.  It  was  intended  as  a  great  blessing, 
but  its  results  arc  quite  the  reverse.  Most 
people  who  are  wise  do  not  live  up  to  their  in- 
comes, and  they  want  to  in\-est  the  difference. 
There  is  no  difficulty  in  finding  a  safe  investment 
at  low  interest,  but  people  think  they  can  do 
better  by  investing  in  limited  companies  with 
glowing  prospectuses,  and  as  a  rule  they  lose 
their  money.  But  a  man  who  loses  his  money 
in  this  way  does  not  realise  that  he  was  a  fool. 
He  says :  "  Ah,  well,  it  was  only  a  flutter  ; 
better  luck  next  time." 

The  limited  company  system  is  a  colossal 
machine  for  getting  rid  of  the  savings  of  the 
nation  in  the  most  unsatisfactory  way.  Of 
course,  man\-  large  undertakings  have  to  be 
limited  as  to  liability,  but  are  otherwise  worked 
on  the  same  lines  as  private  concerns.  Their 
shares  may  be  good  investments,  but  they  are 
generally  bought  by  people  who  know,  and  do  not 
go  to  the  outsider.  It  never  seems  to  occur  to 
the  ordinar\-  speculator  that  if  the  shares  in 
something  he  knows  nothing  about  were  valu- 
able they  would  be  bought  by  the  people  who 
do  know  about  it,  and  the\'  are  only  oft'ered  to 
outsiders  because  insiders  will  not  have  them. 
Investors  in  companies  act  like  sheep.  Some 
acquaintance  makes  some  money  out  of  a  com- 
pany because  an  e\-en  bigger  fool  buys  the 
shares  from  him  at  an  increased  value.  All 
his  friends  regard  him  as  a  sort  of  financial 
genius,  and  he  becomes  a  bell-wether,  and 
eventually,  if  cunning,  he  may  develop  into 
a  director. 

There  are  fashions  in  investment  too.  At 
one  time  Australian  mines  were  the  jirojier 
thing.  It  was  the  custom  in  Australia  to  float 
anything  of  little  value  in  England.  On  one 
occasion  a  calile  message  from  this  country  ran  : 


"  Stake  out  some  mine  directly  ;  sold  it  for 
hundred  thousand."  The  gold  mine  is  the 
most  ]iopular.  however;  probably  the  average 
investor  thinks  gold  is  of  necessity  more  valuable 
than  coi)per.  lead,  or  zinc.  We  arc  not,  how- 
ever, concerned  with  limited  companies  generalh' 
— that  would  be  a  very  large  subject.  We  need 
onl\-  discuss  their  relation  to  the  inventor  who 
needs  tinancial  assistance  to  develop  a  new 
industry. 

THE     INVENTOR'S    POSITION. 

We  may  take  an  imaginary  inventor  with  a 
t\'pical  invention,  and  describe  his  e.xjieriences. 
Wi-   imagine   the   inventor  to  be  a  young  and 
unknown  man.  who  is  well  up  in  the  technology 
ol  his  subject,  and  we  will  assume  lie  has  dis- 
covered a  new  way  of  making  white-lead.     We 
will   assume   not   only   that   he   thinks   he   has 
made  this  discovery,  but  that  he  has  actually 
discovered  a  way  of  making  a  pigment   from 
lead  which  is  cheaper  than  white-lead  and  better 
as  to  colour,  covering  power,  and  working  with 
oil.     He    has   made    a    few   ounces   with    great 
difficulty  at  home,  so  he  puts  his  sample  in  his 
pocket,  and  asks  to  see  the  proprietor  of  a  white- 
lead  works.     He  cannot  get  past  a  junior  clerk, 
who  takes  his  samjile  bottle  and  leaves  it  on  a 
mantelpiece  with  little  bottles  of  oil  and  other 
samples  left  by  travellers.     The  oldest  bottles 
have  half  an  inch  of  dust  on  them,  the  others 
less  in  proportion.     In  a  month  he  comes  back, 
and  sees  his  bottle  where  it  was  ]iut.  and  finds 
nothing    has    been    done.     Probably    he    never 
gets  past  the  junior  clerk  at  all.     But  lie  tries 
many  white-lead  makers,  and  eventuall\-  gets  to 
the  proprietor.     He  is  generally  awa\-  sliooting, 
or  in  the  countr\-.  and  only  comes  to  the  works 
once  a  month,  and  can  spare  very  few  minutes. 
He  sa\-s  ;   "  I  don't   helie\-e   in   artificial   while- 
lead.     It's  been   tried   liefore,   and  is  no  use." 
This  seems  to  him  a  conclusive  argument.    The 
inventor  urges   that   he  has  studied   tlu'  whole 
subject  and  knows  exactly  what  has  been  done 
and  what  has  not.  and  that  his  white-lead  is  all 
right.       "  But  it  is  artificial,  is  it  not  ?      And  if 
so.  I  tell  \'ou  artificial  white-lead  has  been  tried 
before  and  won't  do.     Good-bye."     This  is  as 
far  as  he  is  likely  to  get  with  a  manufacturer. 
If  he  is  \-erv  persistent  the  proj^rietor  may  say  : 
"  Well.  I'll  give  your  sample  to  my  chemist  to 
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try  ;  I  am  not  a  technical  man  m\sclf."  The 
chemist  probabl\-  analyses  it,  and  has  a  pre- 
conceived thcor\-  that  the  goodness  of  white- 
lead  varies  directly  or  inversely  as  the  hydrate 
present,  it  does  not  matter  which,  or  he  ex- 
amines it  with  an  oil-immersion  objective,  and 
if  the  particles  are  not  of  the  shape  he  is  accus- 
tomed to  he  will  have  none  of  it.  He.  therefore, 
reports  against  a  new  white-lead  with  an  abnormal 
comjxjsition.  He  would  re]X)rt  against  it  any- 
how, because  he  does  not  really  know,  and  if  he 
rejwrted  a  bad  thing  good  he  would  get  into 
difficulties,  while  in  the  reverse  case  nothing 
happens.  He  is  prejudiced  against  anything 
new  in  any  case,  and  sitting  on  someone  else 
makes  him  feel  superior.  Moreover,  if  he  let 
another  man  with  technical  knowledge  into  the 
works  he  might  be  ousted.  However  good  the 
invention,  it  has  no  chance  with  the  works 
chemist,  or  his  analogue  in  other  businesses. 

It  is  hardly  necessary  to  say  that  the  white- 
lead  maker  and  theinventor  are  entirely  imagi- 
nary. The  only  whitel  ead  maker  I  have  known 
is  remarkably  keen  about  any  invention  or 
impro\ement  that  he  can  get  hold  of.  \\'hite- 
lead  is  merelv  taken  as  a  typical  case. 

It  may  be  said  that  this  view  of  a  t\pical 
manufacturer  is  absurd ;  the  proprietor  of  a 
works  is  far  too  eager  and  keen  to  let  a  good 
chance  slip  by.  It  must  be  remembered  that 
he  is  not  himself  technical  :  that  he  has  many 
supposed  inventions  brought  him,  and  is 
quite  unable  to  judge  of  them.  In  addition, 
taking  up  a  new  thing  involves  changes,  and 
he  would  have  to  decide  things,  and  there  is 
nothing  such  a  tyj)e  of  man  hates  more  than 
having  to  decide  anything. 

The  inventor  therefore  tries  the  paint  mer- 
chants. They  do  not  believe  in  artificial  white- 
lead.  One  enterjirising  man  may  go  so  far  as 
.  to  saj' :  "  Send  us  a  hundredweight,  and  we'll 
let  our  painters  try  it."  Of  course,  the  inventor 
cannot  make  a  hundredweight.  If  he  did.  the 
painter  would  guess  it  was  something  new  and 
ref)ort  against  it  at  once.  No  workman  can 
stand  anything  new.  Even  if  it  were  ever  so 
much  better  he  would  opix)se  it. 

The  wretched  inventor  has  thus  no  chance  of 
getting  his  idea  taken  up  by  the  pro]x;r  jKJople, 
that  is  to  saj',  those  already  in  the  industrj-. 
He  therefore  turns  to  outsiders. 


THE     INVENTOR     TRIES    OUTSIDE     HELP. 

The  lir>t  tlmii,'  ho  wants  is  a  U-w  lumdred 
]Kiunds  to  try  his  invention  on  a  larger  scale. 
He  cannot  get  at  any  big  capitalist,  because  he 
is  unknown  and  the  affair  api)ears  too  small. 
He  has  already  wasted  ])erhaps  a  year  trying  to 
get  a  hearing  in  the  trade.  He  now  hunts  up 
various  people,  and  at  last  gets  the  ear  of  some- 
one, who  is  asked  to  put  uj)  £500  for  a  half  share 
in  the  venture.  He  views  the  matter  favouralily. 
but  cannot  decide  on  such  an  important  matter 
•luickh'.  He  has  to  be  humoured.  After  six 
months  of  anxiety  and  disappointment,  the 
inventor  again  gets  an  interview.  "  Oh,  well,  I 
thought  you  knew  I'm  taking  up  another 
matter,  and  I  can't  go  into  your  affair  now. 
Your  scheme  only  offered  a  final  profit  of  30  per 
cent,  on  the  capital :  I  have  come  across  a 
young  genius  whose  invention — a  cheap  way  of 
making  celluloid — promises  much  more  than 
that.  In  the  words  of  the  claim  it  is:  Treat- 
ing shrimps  with  acetone,  filtering  off  the  shrimps, 
and  eva]X)rating  the  filtrate  to  recover  the 
acetone,  leaving  the  celluloid  in  blocks,  sub- 
stantially as  described."  "  Have  you  ever 
tried  that  invention  or  consulted  an  expert  ?  " 
"  Mv  inventor  is  a  young  genius  ;  he  knows  it 
will  work  without  trying  it.  I  did  ask  an  expert 
and  he  said  shrimps'  cases  are  not  celluloid : 
but  as  he  could  not  say  what  eke  they  were.  I 
don't  believe  he  knows  anything  about  the 
matter,  and  is  prejudiced.  My  inventor  does 
not  know  anything  about  theory,  and  is  therefore 
independent  of  it.  Celluloid  is  worth  several 
shillings  a  pound,  and  the  by-products  being 
perfectly  shelled  are  more  valuable  than  the 
original  shrimps,  and  will  be  sold  for  potting. 
Why,  we  can  make  a  fortune  from  the  by-products 
alone !  "  Who  does  not  know  the  inventor 
with  b\-products  I 

The  capitalist's  relation  with  the  engineer 
exjwrt  is  also  very  curious.  As  a  rule,  a  man 
will  carefully  avoid  consulting  an  exjiert  before 
investing.  If  he  does  come,  he  does  not  want 
your  real  opinion,  he  wants  his  own  backed  up. 
if  you  advise  against  the  investment  he  is  very 
much  annoyed,  and  probably  invests  all  the 
same.  He  thinks  you  are  prejudiced,  or  that 
you  are  afraid  to  run  the  risk  of  recommending 
anything,  in  case  of  failure.  On  the  other  liand, 
if  you  recommend  the  investment,  and  make  a 
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mistake  in  so  doing,  and  the  investor  loses  his 
money,  he  does  not  blame  you.  He  treats  you 
as  a  sort  of  brother  in  adversit\',  and  recom- 
mends j-ou  to  other  people,  and  your  jiractice 
thrives. 

THE     INVENTOR    FORMS    A    SYNDICATE. 

\\'e  will  suppose,  however,  that  in  some  way 
or  another  the  inventor  has  got  a  few  people 
to  back  him  U]).  and  has  formed  a  syndicate 
with  £1,000  available  to  try  his  invention  on  a 
larger  scale.  He  has  probably  si)ent  from  one 
to  two  years  in  doing  this,  and  has  had  to  give 
awav  most  of  his  interest  in  the  invention,  and 
has  got  much  less  money  than  he  thinks  neces- 
sary for  the  work.  He  probably  under- 
estimates the  cost  anyhow,  as  e\-en  [people  with 
great  experience  of  experimental  work  generalh' 
under-estimate  the  expense.  The  result  is 
that  the  money  is  finished  before  the  experi- 
ments are  completed.  The  men  who  have  put 
in  the  money  will  not  put  in  any  more.  Each 
put  in  a  hundred  with  the  idea  of  getting  ten 
thousand.  He  will  let  his  hundred  take  its 
chance,  but  on  no  condition  will  he  put  in 
more.  The  inventor  has  given  awav  so  much 
of  his  own  interest  that  he  has  no  further  in- 
ducement to  offer.  Nine  good  inventions  out 
of  ten  are  lost  at  this  point.  No  new  men  will 
come  in,  for  they  say  :  "  If  your  own  people 
won't  find  you  the  money,  there  must  be  some- 
thing wrong."  The  idea  of  getting  the  process 
examined  technically  is  out  of  the  question. 

But  we  will  sui>pose  this  particular  inventor 
to  be  more  fortunate  than  most,  and  that  he  has 
succeeded  in  getting  as  much  money  as  neces- 
sary. It  is  probably  a  larger  sum  than  need 
be,  because  his  financial  friends  will  have 
taken  months  and  months  to  consider  the 
question  of  finding  more  money,  so  that  the 
works  have  been  going  on  in  an  inefficient  and 
cxjiensive  way.  But  in  spite  of  that  we  will 
suppose  he  has  spent  ten  thousand  or  so  on 
his  works,  and  has  made  several  tons  of  \-ery 
good  white-lead,  but  the  works  being  purely 
experimental,  and  very  small,  cannot  be  run  on 
a  paying  scale.  Now  comes  the  most  difficult 
time  of  all.  He  has  to  get  a  company  formed 
large  enough  to  make  white-lead  commercially 
on  a  paying  scale.  This  needs,  let  us  say, 
some  £50,000  available  in  cash. 


I  must  again  re[)eat  that  I  have  no  particular 
indi\-idual  inventor  in  m\-  eve.  The  case  is 
typical  only.  The  only  white-lead  inventor  I 
know  about  did  not  get  so  far  as  this.  An 
investor,  as  a  rule,  not  only  wants  good  terms, 
Init  he  will  not  come  in  unless  he  gets  better 
terms  than  all  the  |)revious  investors.  The 
inventor,  as  far  as  1  understand  the  matter, 
not  only  gave  away  his  whole  interest,  but  in 
his  anxiety  gave  away  some  of  it  twice  bv  mis- 
take. The  result  is  a  deadlock,  and  he  is  doing 
other  work.  His  white  lead  mav  be  very  good 
indeed — I  do  not  know — but  he,  and  probably 
no  one  else,  will  e\-er  get  anything  out  of  it. 

EXPERIENCE    WITH     FINANCIERS. 

The  inN'entor's  financial  friends  are  probably 
not  in  the  swim  as  company  promoters.  They 
are  small  capitalists  who  have  gone  as  far  as 
they  care  to.  and  now  expect  other  peojjle  to 
sow  and  grow  their  harvest  for  them.  He 
approaches  a  financial  house.  \\'ith  great 
difficulty  he  gets  at  one  of  the  partners,  who 
knows  nothing  about  white-lead,  and  cares  less, 
for  he  has  nothing  to  do  with  the  final  commercial 
results.  If  he  can  form  a  company  which  the 
public  will  take  up,  so  that  he  gets  his  money  at 
once,  he  will  be  willing  to  do  so.  He  must  have 
special  terms  himself.  This  means  that  the 
syndicate  gets  practically  nothing,  and  the 
inventor  a  small  share  of  that.  He  will  discuss 
it  with  his  financial  friends,  .-\fter  a  few  months, 
during  which  the  inventor  worries  the  financier 
at  intervals,  the  financier  says  he  cannot  take 
the  matter  uj).  The  inventor  tries  another 
house.  After  much  delay  he  sees  one  of  the 
principals,  who  says  :  "  No.  I  lost  money  over 
a  process  once,  so  I  am  not  going  in  for  any 
more  processes.  If  you  had  a  mine,  or  a  wireless 
telephone,  or  a  submarine  passenger  steamer, 
or  something  striking,  I  could  deal  witli  you." 
By  this  time  his  jirocess  will  have  been 
hawked  about,"  as  it  is  called.  This  is  one 
of  the  most  mysterious  disqualifications.  If  a 
financier  hears  of  anything  from  more  than  one 
quarter,  he  condemns  it  oft-hand  on  the  ground 
that  it  has  been  hawked  about.  It  is  very 
difficult  to  see  why.  Ever}-  financier  wants 
special  terms,  and  unless  he  can  get  in  on  what 
he  considers  better  terms  than  other  financiers, 
he  will  not  go  in.    If  other  financiers  have  had  the 
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opportunity  of  so'iK  'n.  he  has  no  S])ecial  chance. 
Neither  will  ho  set  his  judgment  up  against  that 
of  the  earlier  financier.  As  a  matter  of  fact, 
neither  has  any  judgment  to  set  u]),  for  they 
know  nothing  technicall\-,  and  merely  estimate 
the  chance  of  shoving  a  company  on  the  jiublic. 
Meantime  the  syndicate  is  getting  into  greater 
and  greater  difficulties  owing  to  the  delay. 
The  City  men  say  the  Mone\'  Market  is  down, 
or  South  Africans  are  doing  something  eccentric. 
At  this  stage  some  ])eo])le  |)roliahly  offer  to 
take  the  matter  uy>,  and  want  a  free  option  for, 
say,  two  months.  They  do  nothing  at  all.  but 
hope  that  in  two  months  the  syndicate  will  be 
glad  to  accept  anything.  At  the  end  of  the 
two  months  they  offer  a  loan  of  £500  for  a 
four-fifths  share  or  something  equivalent.  The 
financiers'  delay  is  no  doubt  generalh'  due  to  ])ure 
indecision  and  want  of  grit,  but  it  is  also  some- 
times tinged  with  questionable  integrity 

It  will  generally  be  found  that  the  financial 
circles  really  are  circles.  A  white-lead  process 
will  always  come  round  eventually  to  one  or 
two  men  who  act  as  a  sort  of  bell-wethers. 
They  have  made  money  out  of  some  other 
process  perhaps.  When  they  invest,  the  sheep 
all  follow,  so  the  whole  success  of  the  pro- 
cess really  depends  on  them.  They  probably 
do  not  know  the  difference  between  white-lead 
and  black-lead,  but  tiiey  have  the  re])utatioii 
of  "  knowing  a  good  thing  when  they  see  it." 

At  this  stage  the  inventor  and  his  friends 
have  probably  S])ent  se\'eral  years  and  several 
thousand  pounds.  They  have  a  jirocess  which 
is  good  and  valuable,  and  worth  a  great  deal  of 
money  ;  but  they  are  totally  unable  to  get  it 
considered  seriously.  Probably  no  e.xpert  has 
examined  it  on  l^ehalf  of  any  investors,  because 
they  have  not  got  so  far  as  that.  The  whole 
thing  stands  condemned  because  it  promised 
no  ridiculous  profits,  and  because  those  directly 
interested  in  it  are  too  inert  and  unenterprising, 
while  the  City  man  regards  it  as  gone  stale. 
What  generally  ha])pens  at  this  stage  is  that 
the  whole  thing  collajises,  and  the  jiatents  are 
allowed  to  droj).  Then  the  ])rocess  is  taken  up 
in  Germany  or  America,  without  any  ])ayment 
of  royalty,  and  worked  commercially,  and  the 
jiapers  say  we  want  protection,  and  the  science 
teachers,  who  never  invented  anything,  say 
we  want  technical  education. 


HE    GETS    A    COMPANV     FORMED. 

Hut  sui)puse  lliey  iwilly  iikIucc  .1  financial 
house  to  form  a  companw  The  procedure  is 
comjilirated  and  mysterious,  and  only  a  specialist 
in  com])any  formation  could  say  exactly  what 
hapi)ens.  First  we  will  supjwse  £50,000  in  cash 
is  needed  to  |)ut  u|)  the  works.  An  ordinary 
])erson  would  say  that  if  the  syndicate  were  to 
have  a  half  share  the  cajHtal  should  be  ^'100,000, 
half  of  this  being  jiaper.  Nothing  of  the  sort ! 
The  ca])ital  will  be  about  ^"300,000.  and  the 
syndicate  will  not  get  half,  nor  anything  like  it. 
and  the  inventor  may  get  what  chemists  tall 
a  "  trace."  Out  of  the  ^300,000  probably  half 
will  be  issued  for  cash;  Where  it  all  goes  to 
is  a  mystery  to  the  outsider,  but  there  are 
various  calls.  In  the  first  place  the  promoter 
will  not  go  on  unless  the  shares  are  under- 
written. The  underwriters  want  a  good  deal 
for  their  risk,  for  if  the  issue  is  not  taken  up 
their  money  is  locked  up  for  some  years.  It 
does  not  matter  whether  the  process  is  good  or 
the  comjiany  eventually  pays.  They  must 
either  have  their  money  locked  up  and  unavail- 
able, or  they  must  sell  out  low.  Even  if  the 
invention  is  good  and  everything  right  the\-  are 
dc|)endent  entirely  on  the  fancies  of  a  ])erfectl\- 
ignorant  and  sheep-like  investing  ]iublic.  If 
one  jiaper  runs  the  issue  down,  all  the  sheei)  will 
turn  aside,  and  the  underwriters  will  be  left 
with  all  the  shares.  The  prospectus  is  generally 
issued  and  the  dates  fixed  so  that  the  technical 
])apers,  which  are  weeklies,  cannot  criticise.  It 
is  im|)ossible  to  briiie  technical  ])apers.  Of 
course,  it  is  absolutely  imjwssible  to  bribe  or 
affect  financial  papers  in  any  sort  of  way  too. 
Hut  ])eo])lo  who  watch  the  relations  of  the 
interior  opinions  to  prosj>ectus  advertisements, 
and  people  wiio  l)uy  large  numbers  of  copies  of 
financial  papers  containing  accounts  of  their 
public  meetings,  and  pi'ople  who  have  to  give 
away  shares  to  gentlemen  whose  ]iart  in  the 
proceedings  is  vague,  sometimes  get  a  false 
impression  as  to  the  immaculateness  of  our 
noble  financial  press.  If  the  new  com])any  has 
plenty  of  promoters'  shares  it  is  a  coincidence 
that  it  will  be  praised  up  as  an  investment  in 
the  right  quarters,  and  has  nothing  to  fear. 
Hut  with  the  technical  jiress  it  is  different. 
It  cares  nothing  for  prospectus  advertisements, 
and  is  run  by  a  cla.ss  of  peo|>le  who  acquire  any 
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shares  they  ever  want  by  jnircliase  for  cash.  The 
promoters  thus  fear  the  technical  press.  The 
technical  press  considers,  not  whether  the  shares 
are  going  to  a  premium  the  day  after  to-morrow, 
but  whether  the  company  is  financially  sound, 
and  can  eventually  pay  dividends.  The  pro- 
moter of  the  sound  company  is  just  as  much 
afraid  of  the  technical  press  as  any  other 
promoter.  How  does  he  know  his  company  is 
sound  ?  That  has  nothing  to  do  with  him, 
and  is  outside  his  ken  altogether.  He  has 
therefore  to  ris'c  the  technical  papers.  Sometimes 
the  technical  papers  condemn  a  good  thing,  as 
a  technical  editor  has  to  he  omniscient,  and  has 
to  form  an  opinion  with  few  data,  and  he  is 
more  likely  to  condemn  a  good  thing  than  to 
praise  a  bad  one.  Be  that  as  it  may,  the  lists 
are  always  arranged  to  close  on  Thursda\-, 
while  the  technical  papers  come  out  on 
Frida\-. 

In  order  to  make  the  issue  go  down,  the  pro- 
moters not  only  need  underwriters,  they  need 
directors.  A  board  of  incompetent  amateurs 
is  necessary,  preferably  with  a  few  titled  names 
and  some  retired  soldiers.  Then  the  brokers 
require  a  big  fee  for  the  appearance  of  their 
names.  A  consulting  chemist  is  needed,  and  a 
report  from  some  entirelv  non-technical  professor 
with  a  string  of  letters  after  his  name  is  published. 
He  has  probabh'  never  been  inside  a  white-lead 
works,  and  has  no  idea  of  the  costs  of  manufac- 
ture, on  which  everthing  depends.  Then  the 
patents  hav-e  to  be  submitted  to  counsel. 
Counsel  savs  they  are  valid,  but  does  not  say 
whether    they    really    cover    the    process,     or 


wiicthcr  they  can  be  perfectly  easily  circum- 
vented. In  this  case  we  will  suppose  the  patents 
are  valid,  and  protect  the  proprietors.  Then 
the  company  is  finally  launched  on  the  guileless 
public,  and  thousands  of  people  in  all  walks 
of  life,  with  all  possible  varieties  of  ignorance 
about  white-lead,  take  shares,  and  the  peers  and 
retired  generals  proceed  to  wreck  the  whole  affair 
by  gross  and  idiotic  mismanagement,  and  in  three 
years  the  inventor,  with  a  ruined  reputation, 
seeks  a  minor  appointment  in  a  works  where 
they  use  the  good  old  Dutch  process. 

WHAT     IS    WANTED. 

What  is  wanted  is  a  strong  financial  concern 
which  will  develop  inventions  on  terms  that 
are  fair  to  both  parties.  Such  a  concern  should 
never  jnit  a  large  j^roportion  of  its  capital  into 
anv  one  thing,  and  it  should  be  advised  by  com- 
petent specialists  as  to  both  technical  and 
financial  questions.  The  experts  should  be 
technologists,  not  unpractical  people,  and  should 
hold  shares  in  the  concern.  Such  a  house  could 
make  terms  with  an  inventor  at  any  stage  of 
the  development  of  his  inv-ention.  At  first 
the  inventor  has  generally  inflated  ideas,  but 
they  alwa\'s  cool  down  in  contact  with  financial 
difficulties.  Such  a  concern  as  this,  managed  on 
business  lines  by  really  technical  business 
people,  would  develop  enormous  industries,  and 
make  an  immense  amount  of  money  ;  but  it 
would  have  to  be  managed  by  people  who  had 
enterprise,  were  not  led  like  sheep  by  City 
opinion,  decided  quickly,  dealt  honourably, 
and  were  technical  business  men. 
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PROFESSOR     JOHN     (JOODMAN,    M.Inst.C.E.,    M.I.Medi.E, 

I'roiesni'i  ot  l:ir^iutiiiiiii,  YoiksUirc  Collit;t\  l.ctih. 


PROFESSOR  GOODMAN, 
unlike  so  inanv  who  liold 
similar  positions,  had  a  very 
tliorouj;h  practical  cnginecrint; 
trainin;;.  He  served  two  years 
at  tittin^:  and  tiirninj^  in  the 
Progress  Iron  Works,  Bassinfi- 
hourn,  Canibs.,  and  three  and  a 
half  years  at  erectin};,  turning, 
fitting;,  patlern-niaking,  and 
foundry  work  in  the  Globe 
Works,  Northampton.  As 
assistant  to  the  late  Mr. 
Stroudley,  in  the  locomotive 
works  of  the  L.H.  and  S.C. 
Railway,  at  Brighton,  he 
c;irried  out  a  large  number  of 
tests  on  the  friction  of  bear- 
ings, the  strength  of  crank 
shafts  and  axles  ;  also  the 
testing  of  locomotives.  While 
there  he  obtained  a  Whitworth 
Scholarship,  and  afterwards 
went  to  the  I'niversity  College, 
I^ndon,  to  study  the  scicntilic 
side  of  engineering.  After 
further  experience  as  assistant 
lo  Professor  Kennedy,  K.R.S., 
in  his  Westminster  office,  he 
took  a  temporary  post  on  the 
stiiff  of  Eu^inccritiji.  Follow- 
ing thai  appointment,  he  was 
for  two  years  chief  assistant 
to  Mr.  W.  H.  Stangcr,  of  the 
Broadway  Testing  Works, 
Westminster. 

In  the  autumn  of  lXc;9  he 
was  appointed  the  Professor 
of  Engineering  in  the  York- 
shire College,  lx;eds,  a  post 
which  he  still  holds.  During 
his  tenure  of  the  chair,  the 
engineering  department  has 
flourished  in  everv  respect. 
The  numbers   have  increased 

threefold,  and  the  laboratories  have  been  enlarged,  and  nuich  new  plant  h.is  been  added;  in  fact,  it  is  now  one  of 
the  most  successful  and'best  eipiipped  engineering  colleges  in  the  conntrv.  He  is  the  author  of  several  papers  on 
friction,  for  which  he  was  awarded  a  Miller  Pri/e  and  a  Miller  Scholarship  by  the  Institution  of  Civil  Engineers.  He 
is  also  the  author  r.f  many  short  papers,  and  his  well-known  bonk,  "  Mechanics  Applied  to  Engineering,"  is  used  in 
many  English  and  .American  colleges. 
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I'KOFFSsoK  Jt)HX  GOODMAX,  M.Inst.C.E. 

As  Professor  of  Ensiiiccrinj;  al  tlic  Yorkshire  College,  Leeds,  the  author  has  had  exceptional  facilities 
for  watching  the  careers  of  some  hundreds  of  young  engineers,  and  Iiis  very  practical  remarks  should  prove 
oi  considerable  interest  to  those  who  contemplate  embarking  upon  engineering  as  a  profession. — Editok. 


'Tp  H  AT  a  votitig  professional  eiigitiecr  requires  a 
-*•  special  training  to  tit  him  for  his  future  work 
probabl}'  none  will  deti}'  ;  but  as  to  what  course 
that  training  should  take  there  appears  to  be  a 
great  diversity  of  opinion.  As  one  wiio  has 
advised  and  carefully  watched  the  careers  of 
some  inindreds  of  young  engineers,  the  writer 
trusts  that  his  opinions  upon  this  matter  may 
afford  some  guide  to  those  who  contetnplate  tlie 
starting  of  their  sons  upon  an  engineeritig 
career. 

The  writer  has  always  made  a  great  point  of 
keeping  in  touch  with  his  former  pupils,  in 
order  to  watch  their  progress  in  the  profession, 
and  to  enable  him  to  study  carefully  the  effect 
that  their  technical  training  has  had  upon  them. 
This  friendly  intercourse  between  a  professor 
and  his  former  ptipils  cannot  be  other  than 
mutually  beneficial  :  and,  as  far  as  the  writer  is 
concerned,  he  has,  moreover,  foutul  it  to  be 
one  of  the  most  pleasant  experiences  of  an 
interesting  and  absorbing  profession. 

The  head  of  a  large  and  itnportant  engineer- 
ing department  is  frequently  called  upon  to 
advise  parents  and  schoolniasters  as  to  the 
wisdom,  or  otherwise,  of  certain  lads  taking  up 
engineering  as  a  profession.  In  such  cases  the 
writer  usually  puts  a  few  test  questions  in  order 
to  discover,  if  possible,  whether  the  lad  has  a 
reasonable  chance  of  success  at  engineering, 
such  questions  being  somewhat  on  the  following 
lines  :  (r)  Is  the  youth  tolerably  robust,  and 
if  not,  has  a  medical  man  been  consulted  as  to 


the  probability  of  his  being  able  to  stand  the 
rough  practical  work  that  is  absolutely  essential 
to  every  engineer  '■  If  this  cannot  be  satisfac- 
torily answered,  a  decided  ojiinion  is  expressed 
that  engineering  should  not  be  chosen  by  him  as 
a  profession,  for  if  an  earnest  youth  makes  an 
honest  attempt  to  do  his  duty  in  the  works  it  will 
make  considerable  demands  on  his  physical 
strength.  (2)  Is  he  really  keen  about  engi- 
neering, and  does  he  intend  to  stick  to  it  in 
spite  of  hard,  dirty  work,  and  possibly  a  large 
amount  of  drudgery  for  some  years  to  come, 
and  is  he  determined  to  succeed  at  all  costs  ? 
If  a  youth  is  not  quite  sure  whether  he  will 
like  engineering  or  not,  and  wants  to  know  if  he 
may  wear  gloves  in  the  shops  and  whether  he 
need  start  work  before  breakfast,  etc.,  etc.,  it  is 
a  sure  and  unmistak.tblc  sign  that  he  is  not  made 
of  the  sort  of  sttilf  that  cngitieei-s  are  made  of,  and 
the  sooner  he  decides  upon  a  trade  or  profession 
that  does  not  demand  manly  qualities  the  better 
for  all  parties  concerned.  (3)  Has  he  done 
reasonably  well  at  school,  especially  in  mathe- 
matics and  mechanics,  and  is  he  of  a  sltidious 
turn  of  mind  ? 

In  the  writer's  opinion  a  yotith  cannot  hope  for 
sticcess  in  the  higher  branches  of  the  profession 
imless  this  last  question  can  be  answered  satis- 
factorily. 

As  regards  his  school   training,  he  ought  to 

get  a  thoroughly  good  general  education,  such  as 

is  given  in   most   of  our  public  schools.     It  is 

probably  not  well  to  specialise   in  the  school 
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training  to  any  great  extent,  bnt  in  the  higher 
forms  modern  languages  may  advantageously  be 
taken  in  preference  to  Latin  and  Greek.  In 
matiiematics,  as  a  minimum,  he  should  be 
familiar  with  the  first  three  books  of  Euclid,  or 
tlie  subjects  thereof,  as  taught  in  some  modern 
text-book  on  geometry ;  also  arithmetic  and 
algebra  up  to  quadratic  equations.  A  knowledge 
of  elementary  mechanics,  physics,  and  chemistry 
is  desirable,  also  freehand  and  geometrical 
drawing. 

The  school  workshops  in  many  public  schools 
do  valuable  work  by  giving  youths  a  good  idea 
of  the  use  of  tools  ;  but,  of  course,  they  cannot 
possibly  give  a  sufhcient  training  to  enable 
them  to  dispense  with  the  practical  training  in 
engineering  works. 

In  the  case  of  those  youths  who  intend  to 
take  up  a  university  degree  course,  higher 
standards  than  those  mentioned  above  are 
necessary. 

ACE     AT     LEAVING     SCHOOL. 

It  is  impossible  to  draw  a  hard  and  fast  line 
as  to  when  a  youth  intending  to  become  an 
engineer  should  leave  school,  but  it  should 
certainly  not  be  under  sixteen,  and  only  in  rare 
instances  should  it  be  over  eighteen. 

ENGINEERING     TRAINING. 

In  the  case  of  civil  engineering  students,  we 
believe  that  the  college  training  may  bs  taken 
immediately  after  leaving  school.  But,  in  the 
case  of  mechanical  and  electrical  students, 
there  is  a  great  difference  of  opinion  as  to  the 
best  order  of  training  ;  the  chief  point  of  con- 
tention being — whether  the  works  should  pre- 
cede the  college  training,  or  vice  ir/vi.  We 
think  it  will  be  well  to  state  the  arguments 
advanced  by  both  sides.  They  are  : — 
Is  Kavoi'K  oi-  tiikWokks 

TRAININIi      I'KKLKDINli 

THK   Coi.LEiiK  Train- 

lN(i. 

students  who  have  nut 
iiMaincd  some  practical 
experience  in  work!>  can- 
not lake  (uU  advanlaye  of 
the  collene  course,  on 
account  of  their  ignorance 
of  machinery  and  manii- 
facturintt  processes.  The 
works  training  is  lo  a 
large  extent  a  question  of 
aci|uiring        manipulative 


skill  ;  hence  it  is  Ixttcr 
for  such  training  to  be 
taken  while  young,  >ay,  at 
sixteen  or  seventeen, 
r.ithcr  th.in  three  oi  four 
years  later. 

ll  i-  much  mole  dis- 
tasteful to  a  student  to 
commence  the  inevitable 
rough  and  dirty  work  in 
the  workshops  at,  say, 
twenty  years  of  age  than 
at  sixteen. 


Is  Favouk  or  THR  Col- 
lege Tkainix<;  Pke- 
CBDiNd     THE     Works 

TRAISINli. 

Youths  make  more  rapid 
progress  in  practical  work 
after  having  taken  acollege 
course  than  when  they 
enter  works  straight  from 
school.  The  college  train- 
ing teaches  them  how  lo 
learn  and  how  to  observe  ; 
consei|uenlly,  when  they 
get  into  work  they  pick  up 
the    practical    side    of    the 


work  nuicli  more  rapidly 
than  the  novice  who  comes 
straight  from  school. 


If  a  youth  leaves  the 
works  in  which  he  has 
spent,  say,  four  or  five 
years,  in  order  lo  go  to 
college,  he  breaks  his  con- 
necli<in  with  the  firm  just 
at  a  time  when  he  is  most 
valuable.  He  thereby  gets 
out  of  touch  with  his  lirm, 
and  may  lose  the  chance 
of  promotion  w  ith  them  ; 
and,  moreover,  it  rarely 
happens  that  a  yr.ung 
fellow  of,  say,  one  or  two- 
and-twenty  cares  to  throw 
up  remunerative  work  for 
two  or  three  years  in  order 
to  go  to  college — the  result 
being  that  he  misses  his 
college  training  altogether. 

.\  youth  coming  fresh 
from  school  is  in  the  habit 
of  acquiring  knowledge, 
and  has  all  his  mathe- 
matical and  element.ary 
science  fresh  in  his  mind  ; 
consequently,  he  has  a  far 
better  chance  of  making 
headway  at  college  than 
the  youth  who  has  allowed 
his  school  -  work  to  get 
rusty. 


Youllis  often  take  up  en- 
gineering as  a  mere  fancy, 
and  do  not  discover  that 
they  are  unsuiled  for  it 
until  they  have  lo  "rough 
it"  somewhat  in  works; 
hence,  if  they  go  into 
works  lirst  Ihey  much 
more  quickly  come  to  a 
decision,  and  consequently 
waste  less  time  than  if  a 
college  course  intervenes. 

Many  proprietors  ol 
works  and  heads  of  firms 
object  to  taking  youths 
into  their  works  as  pupils 
or  apprentices  at  the  age 
when  most  students  leave 
college. 

The  writer's  experience  leads  him   to  believe 
that    there    is    much    force    in    many    of    the 


The  scientilic  side  of 
engineering  is  the  more 
ditlicult  to  acquire  ;  hence 
it  is  better  that  it  should 
be  taken  up  when  the 
student  is  somewhat 
matured,  rather  than  when 
he  is  fresh  from  school. 
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arguments  advanced  by  both  sides  ;  therefore, 
after  verv  careful  consideration,  he  has  come  to 
the  concUision  that  in  the  case  of  mechanical 
and  electrical  engineers,  the  best  course  to 
adopt  is  a  compromise  between  the  two. 

COURSE     OF     TRAINING     RECOMMENDED. 

After  receiving  a  good  education,  it  is  recom- 
mended that  (i)  a  youth  should  be  sent  to  some 
small  general  engineering  works,  where  he  is 
more  likely  to  get  a  useful  experience  than  in  a 
larger  establishment,  for  about  twelve  or  eighteen 
months  ;  (2)  he  should  take  cither  a  two  or  a 
three  years'  course  of  instruction  in  a  college, 
and  during  this  time  he  should  pass  the  quali- 
fying examination  for  admission  to  the  Institution 
of  Civil  Engineers  ;  (3)  he  should  go  into  some 
larger  engineering  works  where  he  can  specialise 
in  some  particular  branch  for  a  period  of  not 
less  than  two  years  ;  (4)  he  should  go  into  the 
drawing  oilice  for  at  least  one  year.  And,  if 
possible,  he  should  visit,  or,  better,  spend  a 
year  or  two  in  engineering  works  in  the  United 
States,  where  he  will  be  able  to  earn  sufficient 
to  keep  him  and  will  gain  most  valuable  experi- 
ence. Such  a  course  of  training  will  thus  take 
from  si.x  to  seven  years,  which  in  some  instances 
may  be  more  time  than  many  parents  can  afford 
to  give  their  sons.  In  such  cases,  the  expense 
of  the  college  course  may  be  materially  reduced 
by  scholarships  ;  but  this,  of  course,  entirely 
depends  upon  the  ability  and  diligence  of  the 
student.  Then,  again,  if  youths  do  well,  they 
will  nearly  always  receive  some  remuneration 
daring  the  stages  3  and  4  mentioned  above. 

It  should,  however,  always  be  borne  in  mind 
that  the  more  thorough  the  training  the  higher 
will  be  the  position  ultimately  attained,  of 
course,  assuming  suitable  material  to  work 
upon. 

WHILE     IN     WORKS. 

The  writer  would  urge  parents  to  put  pressure 

.  on  their  sons  to  keep  the  regular  and   full  shop 

hours,   and    not  to   allow   them    to    commence 

work  after  breakfast :  if  a  youth  is  not  willing 


to    make    this    sacrifice,    he    docs    not   possess 
the  necessary  "  grit  "  to  make  an  engineer. 

In  order  that  a  student  may  not  allow  his 
school  work  to  gel  rusty,  it  is  advisable  that  he 
should  attend  evening  classes  at  a  college  for, 
say,  two  evenings  a  week,  in  such  subjects  as 
mathematics,  mechanics,  or  drawing  ;  but  it  is 
not  recommended  that  more  time  than  this 
should  be  devoted  to  evening  studv. 

NECESSITY    FOR    WORKS    TRAINING. 

Parents  often  send  their  sons  to  institutions 
on  account  of  the  so-called  "  practical "  instruc- 
tion in  shop  processes  which  is  given  in  their 
workshops,  under  the  delusion  that  such  a 
course  of  instruction  will  give  a  lad  all  the  prac- 
tical experience  that  he  requires,  and  that  he 
will  thereby  be  saved  the  "  dirty  ''  work  in  en- 
gineering works.  This,  however,  is  a  deplor- 
able blunder,  and  if  persisted  in  the  lad  will 
sooner  or  later  lind  himself  hopelessly  incom- 
petent to  hold  any  important  position  as  an 
engineer.  The  writer  has  seen  so  many  instances 
of  failure  of  young  men  who,  although  other- 
wise promising,  imagined  that  they  acquired 
suHicient  practical  knowledge  (jf  engineering 
when  they  were  in  the  school  and  college  work- 
shops, but  when  they  got  out  into  the  world 
were  found  to  be  sadly  incompetent  from  a 
practical  point  of  view,  that  he  feels  he  cannot 
too  strongly  advise  parents  to  avoid  the  mistake 
of  fostering  the  idea  that  there  is  any  such 
"  royal  road  "  to  engineering.  The  fault  does 
not  lie  with  such  workshops,  but  in  the  idea 
that  they  alone  can  give  a  suHicient  practical 
training.  The  writer's  experience,  however, 
leads  hull  to  believe  that  the  experimental  work 
done  in  college  engineering  laboratories  is  of 
the  greatest  possible  value  to  engineers,  and  that 
the  college  laboratory  can  do  what  cannot  be 
done  in  the  works,  and  that  the  works  can  do 
what  cannot  be  done  in  a  laboratory  ;  both  are 
regarded  as  indispensable,  but  each  should  do 
that  which  it  is  able  to  do  thoroughly,  and  not 
spoil  both  by  attempting  to  combine  them  in 
one  and  the  same  place. 
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FORTHCOniNG    DEVELOPHENTS    IN    THE 
HARINE    5TE\n    TURBINE. 

BY 

HERBERT  C.  FVFE. 

At  the  prt-SL-nt  iiiomem  the  British  Clovernmeiit  is  the  only  nation  in  the  world  th.it  possesses  a  turhine- 
propelled  war-vessel.  The  new  torpedo-boat  destroyer  Vclox  was  purchased  by  the  Admiralty  a  few 
weeks  aqo,  and  has  proved  itself  to  be  the  fastest  destroyer  artoat.  We  are  enabled,  by  the  courtesy  ol 
the  Parsons  Marine  Steam  Turbine  Company,  of  Wallsend-on-Tyne,  to  reproduce  here  some  photos^raphs 
of  this  and  other  vessels  titled  with  this  form  of  turbine— which  is  the  invention  of  the  Hon.C.  A.  Parsons, 
a  brother  of  the  Earl  of  Rosse.— Editor. 


HE  marine  steam  turbine  may 
be  expected  to  be  developed 
along  the  follnwing  lines: — 

1.  In  war  ships. 

2.  in  passenger  steamers. 

3.  In  pleasure  yachts. 

It    niav    be    convenient    to 
consider  these  in  the  order  mentioned. 

STEAM     TURBINES     IN     THE      ROYAL     NAVY. 

In  his  "Statement  Explan.itory  of   the  Navy 
Estimates,    1902-03,"     the    Earl    of    Selborne 
made  the  following  reference  to  turbine  men 
of-war  : — 

The  country  has  had  to  deplore  the  wrecks  of  H.M.S. 
Viper  and  Cohra  during  the  past  year,  accompanied  in 
the  latter  case  by  a  lamentable  loss  of  life.  One  result 
has  been  for  the  present  to  put  a  stop  to  our  experiments 
with  the  turbine  system  of  machinery,  but  the  Board  arc 
negotiating  for  a  renewal  of  the  experiment  in  two  more 
destroyers,  and  in  one  third-class  cruiser. 

In  addition  to  the  recently  purchased  rt.7o.v. 


the  Admiralty  will  shortly  possess  another 
destroyer  htted  with  the  marine  steam  turbine. 
It  will  be  named  the  Eden,  and  has  also  been 
ordered  from  the  Parsons  Marine  Steam  Turbine 
Company.  The  hull  is  being  constructed  by 
Messrs.  Hawthorn  and  Leslie,  who  were  also 
responsible  for  the  luiU  of  H.M.S.  Vclox. 

The  thirtl-class  cruiser  to  be  fitted  with  turbine 
m.ichinery  is  H.M.S.  Anuiliysl,  one  of  two  pro- 
vided for  in  the  Navy  Estimates  of  1901-02.  The 
other,  H.M.S.  Topa^c,  will  be  fitted  with  recipro- 
cating machinery  of  the  ordinary  type,  and  it 
will  thus  be  possible  to  compare  their  speeds, 
coal  consumption,  economy,  etc. 

The  French  Government  are  believed  to  be 
experimenting  with  a  view  to  determining  the 
advisability  of  titling  some  of  the  vessels  of  the 
French  Navy  with  turbine  engines,  but  so  far  as 
the  w-riter  is  awMre  they  have  not  up  to  the 
present  purchased  any  ships  so  fitted. 

H.M.S.  Felox  differs  radically  in  constructive 
details   from   the   Ttiibuiia,  the    IV/'tv,  and  the 
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By  (oviiaiott  0/  Hit  British  .«/iif.'Si-.'/v  unit  HioRrnfh  C-.,  t.ld] 

H.M.    TORrEDO-UOAT  -DESTKOYER 


'VIl'KK        STEAMING     AT     I-II-I.    SI'EED. 


Cohia.  Tlie  Tiirbiiiin,  the  first  vessel  to  be  fitted 
with  the  marine  steam  turbine,  was  merely  an 
experimental  craft.  She  was  looft.  in  length, 
c)  ft.  beam,  3  ft.  draught  of  hull,  and  44  tons  dis- 
placement. She  was  fitted  with  turbine  engines 
of  -»,ooo  actual  h.p.,  and  reached  a  speed  of 
34^)  knots. 

In  189S  the  Parsons  Marine  Steam  Turbine 
Company  contracted  with  the  Admiralty  for  a 
31-knot  torpedo-boat  destroyer,  the  I'l/c/-,  which 
was  to  be  of  the  same  dimensions  as  the  usual 
30-knot  vessels  of  this  class,  viz.,  .?io  ft.  in 
length,  Ji  ft.  beam,  and  about  370  tons  dis- 
placement, but  with  machinery  of  much  greater 
power  than  was  usual  in  vessels  of  this  size. 
At  the  same  time  they  contracted  with  Sir 
W.  G.  Armstrong,  Whitworth  and  Co.,  for 
machinery  for  one  of  their  torpedo  -  boat 
destroyers,  the  Cohrn. 

In  his  statement  (dated  3rd  March,  1898)  for 
1898-99,  the  First  Lord  of  the  Admiralty  said 
that  an  order  had  just  been  placed  for  an 
experimental  vessel,  in  which  the  steam  turbine 
would  be  substituted  for  the  ordinary  recipro- 
cating type  of  machinery  in  order  to  test  the 


applicability  of  the  system  to  torpedo  vessels  of 
exceptionally  high  speed. 

The  Vif>fr  was  built  by  Messrs.  Hawthorn, 
Leslie  and  Co.,  at  Hebburn-on-Tyne,  and  was 
launched  on  September  6th,  1899.  In  his 
statement,  dated  February  17th,  1900,  Viscount 
Goscheu  (then  Mr.  Goschen)  said  that  the 
contract  speed  was  31  knots,  but  it  was 
anticipated  that  a  considerably  higher  speed 
would  be  attained  ;  on  preliminary  trials  (for 
short  periods)  speeds  of  about  3s  knots  had 
been  reached.  It  was  hoped  that  the  vessel 
would  soon  be  ready  for  her  official  trials,  and 
when  these  were  completed  it  was  proposed  to 
make  exiiausiive  experiments  with  her,  as  great 
importance  was  then  attached  to  this  novel 
system  of  propulsion. 

The  ]'ipcr  was  210  ft.  long,  21  ft.  beam, 
12  ft.  9  in.  deep,  and  her  displacement  was 
350  tons.     Her  indicated  h.p.  was  16,000. 

There  were  four  propeller-shafts  and  two 
propellers  on  each,  making  eight  in  all,  the 
revolutions  being  about  1,200  per  minute. 

In  exterior  appearance  the  \'ipcr  did  not 
materially   differ   from    the    ordinary   torjiedn. 
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boat  destroyer,  except  that  her  funnels  were 
of  much  greater  diameter  ;  bat  down  below 
the  dilterence  was  at  once  manifest. 

THE     ENGINES     OF     THE     "VIPER." 

The  interest  in  the  vessel,  as  an  engineer  has 
remarked,  is  centred  in  the  engine-room. 

Here  one  meets  with  simielhing  quite  different  to  the 
familiar  double  row  of  twin-screw  engines,  with  their 
four  cylinders,  between  which  is  the  passage  from  end  to 
end.  In  place  of  this,  one  descends  on  to  a  platform 
stretching  right  athwart  ships,  where  are  the  large  stop 
valves  which  control  the  flow  of  ste.im  to  the  turbines, 
by  which  alone  the  engines  are  manteuvred  ;  for  there 
is  naturally  no  valve  motion,  or,  for  that  matter,  no  engine 
valves,  nor  any  reversing  gear.  Heneath  the  platform  is 
placed  a  good  half  of  the  engine,  that  is  to  say,  the  part 
which  corresponds  to  the  high-pressure  cylinders  of  an 
ordinary  compound  engine.  These  turbines  are,  in  fact, 
quite  invisible,  being  stowed  away  under  tlie  tioor,  and 
need  no  attention  whether  running  or  standing.  A  little 
further  aft  are  to  be  seen  in  the  bottom  of  the  vessel  the 
larger  low-pressure  turbines,  but  the  most  conspicuous 
features  are  the  large  cylindrical  condensers  which,  with 
their  pipes  and  attachments,  occupy  the  larger  part  of  the 
room — a  fact  that  will  give  an  idea  of  the  saving  in  useful 
space  gained  by  the  steam  turbine. 

The  turbine  engines  of  the  I'lpcr  were  siinilar 
to  those  of  the  Tiirbinia,  but  were  in  duplicate, 
consisting  of  two  distinct  sets  of  engines  on 
each  side  of  the  vessel.  There  were  four  screw 
shafts  in  all,  acting  independently  of  each  other, 
the  two  on  each  side  being  driven  by  one  high 
and  one  low  pressure  turbine  respectively,  of 
about  equal  power.  The  two  low-pressure 
turbines  drove  the  two  inner  shafts,  and  to  each 
a  small  reversing  turbine  was  also  permanentlv 
coupled  and  revolved  idly  with  them  when 
going  ahead. 

Each   shaft  carried  two  propellers  ;  thus  the 
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]'ipcT  w.is  driven  through  ttie  water  bv  eight 
screws.  I'he  Tiirblma,  it  will  be  retnembered, 
had  nine  screws  and  three  shafts. 

The  machinery  on  each  side  of  the  vessel 
was  identical.  The  steam  from  the  boilers  was 
admitted  directly  throtigh  a  regulating  valve  to 
the  high-pressure  turbine,  driving  one  shaft  ;  it 
then  passed  to  the  adjacent  low-pressure  tur- 
bine, driving  its  shaft  independently  ;  thence  it 
llowed  to  the  condenser,  and  both  the  shafts 
then  drove  the  vessel  ahead  ;  the  reversing  tur- 
bine revolved  with  the  low-pressure  shaft,  and 
being  permanently  connected  with  the  vacuum 
of  the  condenser,  no  appreciable  resistance  was 
offered  to  its  motion  under  these  conditions. 
To  go  astern  the  head  steam-valve  was  closed 
and  the  stern  steam-valve  opened,  admitting  the 
steatn  from  the  lioiler  to  the  reversing  turbine 
atid  reversing  the  direction  of  rotation  of  the 
inner  screw  shaft. 

Tlie  otticial  trials  of  the  Flpcr  took  place  on 
M,iy  4th,  1900.  The  best  pair  of  runs  gave 
34''i7  knots  ;  a  ()oton  lo.id  was  carried,  and  the 
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displacement  at  trial  draught  was  370  tons.  The 
boat  had  been  in  tiie  water  some  time  awaiting 
her  trials,  and  with  a  "scrubbed"  bottom  would 
have  done  better  ;  tiie  wind  and  rough  weather 
were  also  against  high  speed. 

In  July,  1900,  the  Viper  underwent  one  hour's 
full-power  trial  off  the  mouth  of  the  Tyne  over 
the  same  measured  mile,  and  attained  the 
remarkable  speed  of  37"ii3  knots,  equal  to 
43  land  miles  an  hour. 

The  load  carried  on  the  last  occasion  was 
above  10  tons  in  excess  of  the  Admiralty 
requirements  for  30-knot  destroyers.  The  pro- 
pellers revolved  at  the  high  rate  of  i,i8o  per 
minute  ;  unusually  short  times  were  required  to 
work  up  to  full  speed,  and  throughout  the  trial 
the  machinery  worked  with  the  utmost  smooth- 
ness, and  practically  no  vibration  was  experi- 
enced in  any  part  of  the  vessel. 

H.M.S.     "COBRA." 

The  Cobra  was  laid  down  in  the  spring  of 
1899,  and  was  built  by  Sir  W.  G.  Armstrong, 


Whitworth  and  Co.  Like  the  Viper  she  was 
litted  with  turbine  engines  by  the  Parsons 
Marine  Turbine  Company.  Her  length  was 
223  ft.,  beam  20'5  ft.,  displacement  325  tons, 
and  draught  82  ft.  of  water.  The  preliminary 
letter  naming  the  conditions  of  purchase  was 
dated  March,  1900.  She  was  supplied  with  one 
i2-poander  and  five  6-pounder  quick-tiring  guns, 
and  two  singletraihifig  torpedo  tubes  for  18-in. 
torpedoes.  Her  complement -was  68  officers 
and  men,  and  her  coal  capacity  85  l?»ns.  She 
was  fitted  with  Yarrow  water-tube  boilers,  and 
her  contract  speed  with  an  i.h.p.  of  11,500  was 
35'8  knots.  She  was  launched  on  June  28th, 
1899,  and  in  December,  1S99,  was  offered  to 
the  Admiralty.  After  a  lengthened  survey  by 
the  officers,  she  was  accepted  in  May,  1900,  on 
the  understanding  that  certain  alterations, 
chiefly  strengthening  the  upper  deck  to  bring 
her  into  line  with  the  most  recent  Admiralty 
practice,  would  be  made.  These  were  at  once 
carried  out,  and  the  vessel  was  purchased 
by  the  Admiralty. 
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The  Cohia  made  her  first  sea-trial  on  July 
15th,  1S99.  She  had  twelve  trials,  including 
the  Admiralty  trials,  and  in  six  runs  reached 
a  mean  speed  of  34-8  knots. 

Her  maximum  speed  was  35'h  knots.  The 
weather  was  bad  during  the  trials  and  there 
was  a  heavy  swell  on. 

The  Viper  was  lost  during  the  Xaval 
manccuvres  in  the  summer  of  1901,  owing  to 
her  striking  a  rock  in  a  thick  fog. 

The  Cohni  went  down  off  the  Outer  Dowsing 
Shoal  while  on  her  way  from  the  Tyne  U> 
Portsmouth,  on  September  ist,  igoi. 


H.M.S. 


'  VELOX.' 


We  have  already  mentioned  that  this  turbine- 
engined  destroyer  differs  from  her  predecessors, 
and  the  reason  is  because  it  was  found  that  the 
r//>cr  and  the  Cobra  were  not  so  economical  as 
could  be  wished  when  running  at  ordinary 
cruising  speeds.  Excursion  steamers  and  liners 
usually  run  at  their  highest  speeds,  but  war 
vessels  require  full  power  only  occasionally, 
and  it  was  found  that  the  steam  turbine,  like 
all  steam  engines,  did  not  show  high  efficiency 
when  working  much  below  the  pow'er  for  which 
it  was  designed. 

The  arrangement  of    the   machinery  in    the 


Velox  is  as  follows :  She  has  two  sets  of  engines, 
one  of  the  turbine  type  and  the  other  of  the 
reciprocating  type.  The  main  propelling 
machinery  is  much  the  same  as  that  fitted  in 
the  Viper  and  Cobra.  There  are  two  inde- 
pendent sets  of  Parsons  compound  turbines, 
one  high-pressure  and  one  low-pressure  being 
on  each  side  of  the  engine-room.  There  are 
thus  four  turbines,  each  of  which  has  its  own 
line  of  shafting  ;  as  each  shaft  carries  two  pro- 
pellers, there  are  eight  propellers  in  all.  The 
high-pressure  turbines  drive  the  outer  shaft  and 
the  low-pressure  turbines  the  inner  ones.  The 
turbines  are  the  main  engines  for  high-speed 
steaming,  but  for  ordinary  cruising  an  auxiliary 
propelling  system  is  employed.  This  consists 
of  two  small  sets  of  triple-compound  marine 
engines  of  the  ordinary  type,  which  are  coupled 
directly  to  the  main  turbines,  and  work  in  con- 
junction with  them.  They  can,  however,  be 
disconnected  at  will.  Steam  is  taken  directly 
from  the  boilers  to  the  reciprocating  engines, 
and  these  exhaust  through  the  high-pressure 
turbines,  the  exhaust  from  the  lattei  passing  in 
turn  through  the  low-pressure  turbines  and 
thence  to  the  condensers. 

When  higher  powers  than  those  needed  for 
cruising  speeds  under  ordinary  conditions  are 
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needed,  steam  will  be  admitted  to  the  turbines 
directl}-  from  the  boilers.  When,  however,  the 
highest  speed  is  required,  and  the  maximum 
power  has  to  be  developed  which  w'ould  raise 
the  rate  of  revolutions  beyond  that  permissible 
with  reciprocating  engines,  steam  will  be  entirely 
cut  oft  from  the  l.itter,  they  will  be  thrown  out 
of  gear,  and  the  turbine  engines  will  alone  be 
used. 

For  going  astern,  reversing  turbines  are  in- 
corporated in  the  e.\haust  casing  of  each  of  the 
low-pressure  cylinders. 

The  Fclo.v  is  210  ft.  long,  21  ft.  beam,  with  a 
moulded  depth  of  12  ft.  6  in.  Especial  attention 
has  been  paid  by  her  builders,  Messrs.  Haw- 
thorn, Leslie  and  Co.,  to  the  strength  of  the 
hull,  and  they  claim  that  she  is  the  strongest 
destroyer  yet  built.  The  boilers  are  of  the 
modified  Yarrow  type,  and  are  the  same  as 
those  fitted  in  the  30-knot  d.estroyers.  They 
are  some  13  per  cent,  smaller  than  the  boilers  of 
the  yiper,  and  have  a  total  heating  surface  of 
13,000  square  feet.  The  builders  anticipated 
that  the  Felox  would  have  about  the  same  speed 
as  the  Viper.  Up  to  the  time  of  writing,  how- 
ever, her  maximum  speed  has  been  3364  knots, 
whereas  the  Fipcr  made  over  37  knots. 

THE      FUTURE     OF    TURBINE     WARSHIPS, 

Until  the  Felo.x,  the  Eden,  and  the  Aiiicihvsl 
have  run  their  trials,  it  is  impossible  to  pro- 
nounce any  delinite  and  final  opinion  regarding 
the  future  of  marine  steam  turbines  as  applied 
to  men-of-war.  Economy  is  not  of  the  greatest 
importance  here,  but  rather  speed,  and  it 
would  seem  possible  that  (as  Mr.  Parsons  has 
said)  the  benelit  will  be  greater  in  the  case  of 


cruisers  and  battleships  than  in  the  case  of 
smaller  vessels.  The  larger  lurbiues  w'ould  be 
cheaper  to  build,  would  be  lighter  in  weight, 
and  would  occupy  less  space  in  proportion  to 
power.  The  design  of  large  turbines  appears 
to  present  no  difficulties  beyond  those  that  have 
been  successfully  solved  in  the  case  of  smaller 
craft,  and  the  greater  size  will  undoubtedly 
tacilitate  the  introduction  of  important  relix- 
ments  for  reducing  coal  consumption. 

It  may  be  interesting  to  quote  here  Mr. 
Parsons'  description  of  an  imaginary  44-knot 
cruiser  which  it  is  possible  may  some  day 
actually  be  constructed  : — 

It  is,  perhaps,  iiUcrcstinj;  to  learn  the  possibilities  of 
speed  that  mis^ht  be  attained  in  a  special  iin;innciurcd 
cruiser,  a  majjnilied  torpedo-boat  destroyer  of  lis^ht  build 
with  scanty  aceoniniodation  for  her  large  crew,  but 
equipped  with  an  armament  of  light  guns  and  torpedoes. 
Let  us  assume  that  her  dimensions  are  about  double  those 
of  the  30-knot  destroyers,  or  of  tlie  Viper,  with  plates  of 
double  the  thickness  and  specially  strengthened  to  corre- 
spond with  the  increased  size  and  speed,  length  420  ft., 
beam  42  ft. ,  nia.\imum  draught  14  ft. ,  displacement  2,.Soo 
tons,  indicated  h.p.  So.ooo.  There  would  be  two  tiers  of 
water-tube  express  boilers  ;  these,  the  engines  and  coal 
bunkers,  would  occupy  the  whole  of  the  lower  portion  of 
the  vessel  ;  the  crew's  quarters  and  armament  would  be 
on  the  upper  decks.  There  would  be  eight  propellers  of 
I)  ft.  diameter,  revolving  at  about  400  revolutions  per 
minute,  and  her  speed  would  be  44  knots.  She  could 
c.irry  coal  at  this  speed  for  about  eight  hours,  and  she 
would  be  able  to  steam  at  from  10  to  14  knots  with  a 
small  section  of  the  boilers  and  supplemental  machinery 
more  economically  than  otlier  vessels  of  similar  size  and 
of  ordinary  type  and  power,  and  when  required  all  the 
boilers  could  be  used  and  full  )iiHver  exerted  in  about 
half  an  hour. 

It  may  be  remarked  that  in  tlie  history  of  engineering 
progress,  the  laws  of  natural  selection  generally  operate 
in   I'avour  of   those  methods  which  are  characterised  bv 
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the  j;rc;ilcr   simplicity  and   greater  economy,   whether 
these  aclvantajje*  be  ureal  or  -mall. 

THE    STEAM     TURBINE    APPLIED     TO     PASSENGER 
VESSELS. 

Two  tufbine-cngiiifd  excursion  steamers, 
the  King  Eduiani  and  the  Queen  Alexander,  have 
been  regularly  running  on  the  Clyde  this 
sumtncr.  The  Earl  of  Glasgow,  in  a  recent 
presidential  address  to  the  Institution  of  Naval 
Architects  in  Glasgow,  predicted  that  the 
Kinii  Edii'iird  would  create  a  revolution  in  tiie 
coast  passenger  carrving  trade  in  the  Clyde. 
The   following   particulars   of    this   vessel,   the 


each  side,  where  it  is  cxp.iiuleil  -'5-luld,  anil  then  passes 
to  the  condensers.  The  total  ratio  of  expansion  is 
therefore  no  less  than  lij-fold.  Each  turbine  has  its  own 
shafting  ;  and  on  each  side  of  the  wing  shafts  there  are 
two  propellers,  while  the  centre  onecarrics_only  a  single 
screw.  When  coming  alongside  a  pier,  or  manceuvring 
in  crowded  waters,  the  wing  motors  alone  are  used, 
steam  being  ,-idmilted  directly  into  them  by  suitable 
valves.  The  high-pressure  turbine  is  then  shut  off,  the 
steam  admission  valve  being  closed,  whilst  connection 
between  it  aiul  the  low-pressure  turbines  is  also  shut  off 
by  an  automatic  arrangement.  There  are  special  tur- 
bines placed  inside  the  exhaust  ends  of  the  low-pressure 
turbines  for  going  astern  witli  the  wing  screws.  The 
whole  of  the  manieuvring,  excepting,  of  course,  by  the 
rudder,  is  effected  by  the   manipulation   of  valves  in   a 
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first  turbine-engined  passenger  steamer  in  the 
world,  may  be  of  interest :  — 

The  AYi;/;  Edward  is  250  ft.  long  and  30  ft.  wide.  Her 
moulded  depth  is  10  ft.  6  in.  to  the  main  deck,  and 
17  ft.  t)  in.  to  the  promenade  deck.  In  general  arrange- 
ment for  p.issenger  accommodation  she  is  similar  to  the 
Duchess  of  Hiiithlloii,  a  favourite  Clyde  paddle-wheel 
stcimer.  Her  builders  are  .Messrs.  William  Denny  and 
Brothers,  of  Dumbarton,  and  she  has  been  constructed  to 
the  order  of  Captain  John  Williamson,  of  Gl.isgow,  who 
represents  the  syndicate  which  own  her.  The  propelling 
machinery  consists  of  three  Parsons  steam  turbines 
working  compound.  These  are  pl.iced  side  by  side.  In 
ordinary  working,  and  when  going  ahead,  steam  is 
admitted  from  the  twiilers  to  the  high-pressure  turbine, 
where  it  is  expanded  livefold.  From  thence  it  passes  to 
the  two  low-pressure  or  wing  turbines  pl.aced  one  on 


very  simple  manner.  The  feed-pumping  engines  are 
worked  separately,  as  are  the  circulating  pumps  and 
fans  for  forced  draught.  The  main  air  pumps  .are 
worked  by  means  of  worm-gearing  from  the  wing 
shafts  ;  but  there  are  auxiliary  air  pumps,  actuated  by 
the  circulating  pump  engines,  for  clearing  the  condensers 
of  water  when  the  main  engines  .are  not  in  operation. 
There  is  a  feed-he.tter  which  uses  the  exhaust  steam,  or 
steam  taken  from  an  intermediate  point  in  the  turbines 
if  necessary.  There  is  also  a  lilter  ti>  clear  the  steam  of 
grease.  Other  machinery  common  to  vessels  of  this  class 
is  lilted.  The  boiler  is  of  the  usual  return-tube  type, 
being  double-ended,  and  having  four  furnaces  at  each 
end.     It  is  placed  in  a  closed  stokehold. 

On  her  first  trial  the  Kin/^  Edward  made 
J04S  knots,  thus  creating  a  record  on  the  Clyde, 
and  exceeding  in  speed  most  of  the  competitors 
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by  one  or  two  knots.  The  mean 
revolutions  were  740  per  minute,  the 
steam  pressure  in  the  boilers  was  150  lbs. 
to  the  square  inch,  and  the  vacuum  jSh  in. 

The  air-pressure  in  the  stokehold  =^^ 
was  equal  to  i  in.  of  water.  Tiie 
indicated  horse-power  was  estimated 
at  3,500,  but  there  is  no  available 
method  of  taking  indicator  diagrams 
with  this  tvpe  of  motor. 

The  Oiiuii  AUwamlra  on  her  trials, 
in  the  summer  of  this  year,  made 
2163  knots,  thus  beating  the  A'/"^ 
Eihvard,  and,  by  a  knot  and  a  quarter,  ^ 

proving  herself  to  be  the  fastest  excur- 
sion steamer  in  the  world. 

She  is  very  siiiiihir  to  the  Kiii^  Edwuid,  but  is  of  lai-.t;cr 
dimensions,  her  lenijth  being  270  ft.,  bre.idth  moulded 
■,2  ft.,  and  depth  to  promen;ide  deck  iS  ft.  9  in.  Like  the 
.\iii«  Ednard,  tlie  vessel  strongly  resembles  ;i  small  eioss- 
^  hannel  steamer  in  .ippearance.  The  main  engines  con- 
sist of  three  separate  turbines,  each  driving  its  own  shaft, 
llie  centre  turbine  being  high-pressure  and  the  two  side 
turbines  low-pressure.  The  total  ratio  of  steam  e.xpan- 
sion  is  about  i25-fold  as  compared  with  .s  to  16-fold  in 
triple  e.xpansion  reciprocating  engines,  and  at  ordinary 
steaming  rate  the  velocity  of  the  centre  shaft  is  7,000,  and 
that  of  the  side  shafts  1,000  revolutions  per  minute.  \ 
long  shade  deck,  on  which  boats  are  carried  :ind 
passengers  are  allowed  to  promenade,  is  a  new  fe.iture 
in  this  vessel.  The  promenade  deck  itself  extends  almost 
the  whole  length  of  the  vessel,  and  is  titled  with  buoy.uit 
seats. 

The  steam  steering  gear  is  by  .Messrs.  Bow,  M'I,.{i.hl.in 
and  Company,  of  Paisley,  controlled  by  a  wheel  on 
the  flving  bridge.  She  is  driven  through  tlie  w.iter 
liy  live  propellers,  and  is  reversed  by  astern  turbines 
placed  inside  the  exhaust  ends  of  the  low-pressure 
turbine  cylinder,  which  reverse  the  action  of  the  two 
shafts.  A  powerful  windlass,  with  warping  capstan 
attached,  is  Htted  lorward  for  working  the  main  c.ibks, 
and  a  steam  warping  capstan,  both  by  Messrs.  T.  Keid  and 
Son,  of  Paisley,  is  titled  aft  for  warping  vessels  alongside 
of  piers.  The  vessel  is  lighted  throughout  by  electricity, 
the  installation  being  carried  through  by  the  builders  ; 
the  wiring  is  done  on  the  concentric  system.  The 
boiler,  which  is  a  large  double-ended  one,  hiuing  a 
funnel  at  each  end,  is  supplied  by  Messrs.  Denny  and 
Company  ;  and  the  turbines,  of  which  there  are  three,  by 
the  Parsons  Marine  Steam  Turbine  Company,  of  W.ilN- 
cnd-on-Tvne. 

SPEED     AND     COAL     CONSUMPTION     OF     TURBINE 
VESSELS. 

Xi  the  launch  of  the  Queen  Akxdndra  Mr. 
James  Denny  made  some  interesting  remarks 
respecting  the  speed  and  coal  consumption  of 
turbine  vessels,  which  may  be  quoted  here  : — 


UKAXCEMliXr    (IK      MU:H1XERV     KOk     I'ROl'OSIiD     S^-KN'OT 
CNriSKR     OK     10,000     H.I'. 

M.inv  irresponsible  statements  had  appeared  in  the 
I'less  regarding  the  Kin^  Ediuard,  so  that  perhaps  it  wi  luld 
not  be  out  ol  place  were  he  to  give  a  few  figures  which 
were  the  result  of  actual  experiments  and  trials  with 
the  vessel.  If  the  Kiii»  Edward  had  been  titled  with 
balanced  twin  triple-expansion  engines  of  the  most  im- 
proved type,  and  of  such  size  as  would  consume  all  the 
steam  the  existing  boiler  could  make,  her  displacement 
would  have  been  slightly  increased  to  carry  the  extra 
weight  of  triple  engines  as  compared  with  tmbines. 
I'nder  these  conditions,  the  best  speed  they  could 
possibly  have  got  would  have  been  197  knots,  against 
20-5  knots  actually  done  by  the  AV/;.^  Eduhird.  Thus  the 
increase  of  speed  w.is  eight-tenths  of  a  knot  per  hour. 
Two-tenths  of  this  was  due  to  the  lesser  displacement 
in  the  A'liiti  Edtnard  as  a  turbine  steamer,  and  six-tenths 
w.is  due  to  the  superior  efticiency  of  the  tiu-bine  engine 
and  its  accessories.  The  difference  between  197  and 
20  5  knots  corresponds  to  a  .gain  in  i.h.p.  in  favour  of  the 
turbine  steamer  of  20  per  cent. ;  but  it  would  hardly  have 
been  possible  to  drive  the  A7//,:>  Edicmd  20-5  knots  with 
ordinary  engines  at  all,  owing  to  the  extra  weight  and  the 
necessarily  increased  displacement.  The  allempt  to  do 
so  could  only  have  resulted  in  this  speed  being  got  at  an 
(.normously  increased  first  cost  and  ,1  ruinous  t-xpendi- 
tureof  co.il  and  the  like  on  service. 

Referring  to  the  question  of  coal  consumption, 
he  said  : — 

The  Duchcii  of  Hamilton  and  A'/;;.i,'  Edu'txrd  results 
on  service  had  been  compared.  From  the  comparison 
it  had  been  found  that  the  Diiclicss  of  HanuUon  at  16-5 
knots  burned  16  tons,  and  the  A7«,<,'  Edward  ^\.  iS^  knots 
burned  iS  tons.  The  Duchess  of  Hamilton,  however, 
h.id  only  compound  engines  :  by  the  use  of  tripleengines 
her  consumption  could  be  reduced  ;  but  even  with  triple 
engines,  if  she  were  to  be  driven  at  lS-5  knots  on 
service,  her  consumption  would  have  been  over  22  tons,  as 
.igainst  iS  Ions  in  the  A'nig  Ed'd'ard,  which  corresponded 
to  a  saving  of  about  20  per  cent,  in  I'avour  of  the  latter. 
This  was  on  the  assumption  that  the  Diuliess  of  Hamilton 
was  left  as  she  w^as  in  displacement  and  draught,  and  that 
she  could  have  carried   machini.ry  powerful  enough   to 
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ensure  IS "5  knots  on  scrvitc,  but  as  licr  speed  on  trial  was 
only  iS  knots, the  jjrcatcrdispktccnient  necessary  to  carry 
the  increased  \vei;jht  of  niacliinery  for  the  higher  speed 
uiiuld  have  resulted  in  a  considerable  increase  on  the 
coal  consumption  of  21  tons.  There  was  another  question 
in  regard  to  the  coal  consumption  of  lurbnies.  It  was 
well  known  that  turbine  engines  at  a  much  lower  power 
than  that  for  which  they  are  designed  are  not  so  econo- 
mical as  ordinary  engines.  Up  to  the  highest  speed  at 
which  the  Hn'g.  ICilwarii  had  been  driven  they  bad  found 
an  always  increasingly  favourable  consumption  of  coal  in 
relation  to  the  speed  of  the  vessel,  but  they  had  no  means 
of  knowing  how  far  this  tendency  might  reach.  How- 
ever, they  had  ascertained  that  her  speed  would  have  had 
to  be  reduced  to  between  17  and  iX  knots,  as  on  trial, 
before  ordin.iry  engines,  under  the  same  conditions  and 
at  the  same  speed,  would  burn  less  per  knot  of  speed  ; 
this  17  or  18  knots  speed  corresponded  to  about  50  per 
cenl.  of  the  total  maximum  power  of  the  turbine  engines 


in  the  A'itiii  Eduutni.  The  up-keep  of  the  turbine  engines 
for  the  season  had  been  very  slight.  As  to  cost,  even 
includin.g  the  royalties  charged,  they  found  that  turbines 
were  iK>t  more  expensive  th.ni  other  engines,  and  they 
thoiiglit,  with  more  experience  in  their  ninnufaclure,  they 
would  ultimately  become  considerably  cheaper.  If  the 
Queen  AUjciiiitlru  turned  out  to  be  as  successful  as  the 
A'liifi  hihi'iird  was,  it  was  almost  certain  there  would  be 
a  very  large  application  of  turbine  nLichinery. 

ECONOMV     OF     TURBINES     AT     LOW    POWERS. 

The  Hon.  C  A.  P.irsoiis  saiti  he  wnuld  Ukc  to 
supplcmenl  tlic  statements  ot  Mr.  James  Denny 
by  a  few  remarks  as  to  economy  of  turbines  at 
low  powers  : — 

In  Clyde  passenger  steamers,  indeed  in  practically  all 
passenger  steamers,   wtiich  always  ran   at  or  near   full 
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powcT,  tliere  was  no  need  to  study  the  question  of 
economy  at  low  powers,  but  when  they  came  to  war 
vessels,  most  ot  whose  service  was  performed  at  cruisinj; 
speed,  wlieii  tlie  power  exerted  was  perhaps  only 
one-tenth  of  that  at  full  speed,  then  this  question  of 
economy  at  low  powers  became  of  .yreat  importance. 
Arransjements  had  been  made  to  solve  this  diflicult  pro- 
blem in  several  different  ways.  For  instance,  the  number 
of  turbines  mijiht  be  increased,  and  there  was  no  doubt 
in  his  mind  that  they  could  by  this  and  other  means  make 
turbines  certainly  as  economical — probably  much  more 
economical  than  ordinary  engines  at  the  same  low 
power — while  at  high  speeds  the  turbines  would  liave  an 
advantage  of  from  :ro  to  40  per  cent. 

FORTHCOMING       DEVELOPMENTS. 

It  has  been  aiiinuiiiccd  within  the  hist  few 
weeks  that  the  South- Eastern  and  Chatham 
Railway  Co.  have  Ofdered  a  new  turbine  steamer, 
wliich  is  to  be  built  by  Messrs.  Denny,  and  to 
be  delivered  for  ne.xt  season's  traffic,  and  which 
for  speed,  comfort,  and  convenience  is  expected 
to  create  a  revolution  in  cross-Channel  passages. 
The  length  of  the  vessel  will  be  300  ft.,  and  she 
will  have  a  beam  of  40  ft.  She  will  be  entirely 
different  from  the  present  type  of  mail  packet. 
The  upper  or  promenade  deck  is  to  have  an 
over-head  shelter,  so  that  passengers  can  obtain 
protection  in  rough  weather  without  going 
below.  Extensive  cabin  accommodation  will 
also  be  provided.       The  turbine  machinery  will 


occupy  such  a  small  space  that  much  additional 
room  will  be  obtained  for  the  use  of  passengers. 
The  builders  calculate  that  the  cross-channel 
passage  between  Dover  and  Calais  will  be 
covered  by  the  new  steamer  in  45  minutes  at 
the  outside,  and  probably,  under  favourable 
circumstances,  in  less.  The  average  passage 
now  is  65  minutes,  and  the  record  passage  is 
59  minutes.  The  speed  of  the  new  steamer 
will  be  25  knots  an  hour,  as  compared  with  the 
18  to  20  knots  m.ide  by  the  present  boats  on 
the  present  service.  It  has  been  stated  that  the 
Parsons  Marine  Steam  Turbine  Company  have 
offered  to  fit  up,  free  of  cost,  turbine  engines  on 
a  Cunard  liner,  and  that  Mr.  Wilson,  President 
of  the  Atlantic  Shipping  Company,  is  negotiating 
for  the  construction  of  some  30-knot  turbine 
steamships,  which  will  make  the  voyage  from 
Xew  York  to  Bremerhaven  in  four  days. 
Messrs.  Denny  are  building  also  a  turbine 
steamer  for  the  London,  Brighton,  and  South 
Coast  Railway  for  their  Xewhaven-Dieppe 
service. 

FUTURE     OF     THE     MARINE     STEAM      TURBINE. 

It  may  be  interesting  to  quote  here  a  state- 
ment made  by  the  Hon.  C.  A.  Parsons  in  a 
lecent  lecture  at  the  Royal  Institution,  London, 
on  the  future  of  the  marine  steam  turbine  : — 
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In  regard  to  the  general  application  of  turbine 
machinery  to  large  ships,  the  conditions  appear  to  be 
more  favourable  in  the  case  of  the  faster  class  of  vessels, 
such  as  cross-Channel  boats,  fast  passenger  vessels, 
liners,  cruisers  and  battleships  ;  in  all  such  vessels  the 
reduction  in  weight  of  machinery  and  economy  in  the 
consumption  of  coal  per  horse-power  are  impfirlant 
factors  ;  in  some,  the  absence  of  vibration  is  a  question  of 
first  importance  as  affecting  the  comfort  of  passengers, 
and,  in  the  case  of  ships  of  war,  permitting  o(  greater 
accuracy  in  sighting  the  guns. 

I  have  had  constructed  a  model  representing  a  pro- 
posed cross-Channel  boat  for  the  Dover  and  Calais  or 
Xewhaven  and  Dieppe  routes.  She  is  2yo  ft.  length, 
33  ft.  beam.  1,000  tons  displacement,  and  S  ft.  6  in.  draught 
of  water.  She  has  spacious  accommodation  for  ^>oo 
passengers,  and  with  machinery  developing  iS.ooo horse- 
power would  have  a  sea  speed  ol  about  30  knots,  as  com- 
pared with  the  speed  of  19  to  22  knots  of  the  present 
vessels  of  similar  si/e  and  accommodation. 

Again,  in  a  lecture  delivered  before  the  Insti- 
tution of  Engineers  and  Shi[ibuilders  in  Scot- 
land, Mr.  Parsons  said  that  the  marine  steam 
turbine  would  be  found  to  be  superior,  or  at 
least  equal  in  economy  of  coal  to  the  reciproca- 
ting engine  when  placed  in  fast  vessels  of  the 
mercantile  marine.  In  the  case  of  an  Atlantic 
liner,  turbine  engines  would  effect  a  reduction  in 
weight  of  machincT}',  and  also  increased 
economy  in  fuel,  tending  either  to  a  saving  in 
coal  on  the  one  hand,  or,  if  preferred,  to  some 
increase  in  speed  on  the  same  coal  consumption 
per  voyage. 


ITS     PRINCIPAL     ADVANTAGES. 

The  principal  advantages  of  the  turbine 
system  of  propulsion  for  passenger  steamers  of 
all  classes,  compared  with  vessels  fitted  with 
ordinary  engines,  are  as  follow  : — 

(i|  Increased  speed  for  the  same  boiler  power 
due  to  considerablv  reduced  weight  of  machinery 
and  increased  economy  in  steam.  (The  advan- 
tage increasing  with  higher  powers  and  speeds.) 

(la)  Same  speed,  with  reduced  boiler  power 
and  reduced  coal  consumption  for  the  same 
reason  as  (i). 

(2)  Absence  of  vibration,  giving  greater  com- 
fort to  passengers. 

(3)  Increased  cabin  accommodation,  due  to 
smaller  machinery  space. 

(4)  Less  up-keep  in  machinery,  and  smaller 
engine-room  staff. 

HIQH-SPEEO     TURBINE     VACHT8. 

The  possibilities  cii  tiie  steam  turbine  for 
yacht  propulsion  have  recently  been  attracting 
the  attention  of  the  yachting  worlil.  Two 
vachts,  which  are  to  be  fitted  with  the  Parsons 
marine  steam  turbine,  have  recently  been 
launched,  whilst  a  third  is  in  the  stocks.  Their 
names  are  Tarantula,  Emcrahi,  and  I.orciia. 

The  first  to  be  launched  was  the  Taiiiiiliilii, 
built  by  Messrs.  Yarrow  and  Co.,  of  Pi)plar,  for 
Col.    McCalmont,    M.P.,   front    the    design    of 
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Messrs.  Cox  and  King,  of  London.  She  is  a 
unique  vessel,  in  that  she  has  been  built  on  the 
lines  customary  with  vessels  of  the  torpedo- 
boat  class.  As  regards  her  hull  and  boilers  she 
is  practically  identical  with  a  modern  lirst-class 
torpedo-boat,  the  only  difference  being  in  the 
propelling  machinery.  Her  boilers  are  of  the 
Yarrow  water-tube  type,  and  we  believe  that 
she  is  the  first  yacht  to  be  fitted  with  water- 
tube  boilers.  The  Tamultila  is  i6o  ft.  long, 
with  a  \(i  ft.  beam  ;  the  machinery  consists 
of  three  turbines,  one  high  pressure  and  two  low 
pressure.  Each  drives  three  shafts,  and  there 
are  three  propellers  on  each  shaft.  She  is 
therefore  driven  through  the  water  bv  nine 
screws.  The  question  of  propellers  is  one  that 
has  long  exercised  the  attentitm  of  IMr.  Parsons, 
and  his  experimenting  may  be  expected  to  lead 
to  important  results.  The  trials  of  the  Tiuanliila 
have  been  carried  out  with  some  secrecy.  Her 
designed  speed  was  24  knots,  and  she  is  believed 
to  have  made  26745  knots  when  loaded  to  a 
displacement  of  150  tons.  Doubtless  a  full 
series  of  trials  will  be  made,  and  comparison 
will  then  be  possible  between  the  turbine- driven 
Tarantula  and  a  first-class  torpedo-boat  whose 
engines  are  of  the  reciprocating  triple-expansion 
type,  and  whose  horse-power  is  about  2,000. 

THE     "  EMERALD." 

The  Emerald  was  launched  the  other  day. 
She  was  constructed  to  the  order  of  Sir 
Christopher  Furness,  M.P.,  D.L.,  from  the 
designs  and  under  the  direction  of  Mr.  Fred.  J. 
Stephen,  the  managing  director  of  the  Linthouse 
Shipyard,  Cilasgow,  by  Messrs.  Alex.  Stephen 
and  Son,  Ltd.  She  is  236ft.  long,  2Sft.  Sin. 
beam,  and  18  ft.  6  in.  moulded  depth,  giving  a 
tonnage  of  956  tons  yacht  measurement.  She 
has  been  constructed  under  Lloyds'  special 
survey  to  class  looAi.  Her  propelling  machinery 
consists  of  three  sets  of  Parsons  steam  turbines, 
each  of  which  drives  one  propeller  shaft,  one 
propeller  of  about  3  ft.  diameter  being  attached 
to  the  centre,  and  two  propellers,  each  of  about 
20  in.  diameter,  to  each  of  the  side  shafts. 

At  the  launch  of  the  Emerald,  Sir  Christopher 


Furness  remarked  that  what  Mr.  Parsons,  Mr. 
Stephen,  and  he  himself  had  in  view  in  fitting 
the  Emerald  with  turbines,  was  to  put  into  the 
vessel  such  power  as  would  enable  her  to  steam 
at  the  highest  rate  comnitible  witii  entire  free- 
dom from  vibration.  He  believed  that  object 
would  be  attained,  and  still  further  he  believed, 
as  a  business  man  and  as  one  engaged  with 
ships  and  shipping,  that  the  steam  turbine 
would  practically  revolutionise  yachting  and 
yacht  owning  in  this  country. 

Mr.  G.  Iv.  Watson,  the  well-known  yacht 
designerand  3-acht  buililer,  on  the  same  occasion, 
said  that  if  the  marine  steam  turbine  was 
proved  to  be  economical  at  low  speeds  it 
certainlv  had  a  great  future. 

The  Tarantula  has  been  designed  as  a  yacht 
of  exceptionally  high  speed  (24  knots),  but  the 
Emerald  is  to  steam  16  knots  at  her  maximum. 
Seeing  that  yachts  seldom  cruise  for  long 
periods  at  so  great  a  speed  as  16  knots,  but  for 
the  most  part  indulge  in  gentle  cruises  at  lower 
speeds,  it  seems  doubtful  whether  yacht  owners 
will  take  very  keenly  to  the  steam  turbine. 
Whether  the  Emerald  will  prove  as  economical 
as  regards  coal  consumption  at  various  speeds 
as  a  similar  yacht  with  reciprocating  engines 
remains  to  be  seen. 

As  regards  vibration,  it  is  doubtless  possible 
so  to  strengthen  the  hull  as  to  prevent  any  dis- 
comfort from  the  rapid  revolution  of  the  pro- 
peller shafts. 

THE    "LORENA." 

Another  turbine  yacht  under  construction  at 
the  present  time  is  the  Lorena.  The  hull  and 
boilers  are  being  supplied  by  Messrs.  Ramage 
and  Ferguson,  of  Leith,  Scotland,  and  the 
machinery  by  the  Parsons  Company.  She  is. 
being  built  to  the  order  of  Mr.  A.  L.  Barber,  of 
New  York.  She  will  displace  about  1,400  tons, 
and  she  will  be  252ft.  3in.  long  by  32ft.  6in. 
beam,  and  moulded  depth  21ft.  Her  indicated 
horse-power  is  to  be  2,500,  and  her  speed  about 
16  knots.  She  has  been  designed  by  Messrs.  Cox 
and  King,  of  London.  The  turbine  machinery 
will  be  verv  similar  to  that  litted  in  the  Emerahl. 
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Treats  of  Profiling  Machines,  in  which  oulHncs  of  irregular  shape  are  prodiiLecI  by  the  aid  of  a  pallern  or  former 

similar  in  outline. 


VI. 


X  (profiling  machines, 
which  are  now  very 
numerous,  there 
is  a  large  range  of 
sizes  ;  and  besides 
this,  numbers  of 
ordinary  vertical 
spindle  machines 
have  provision  for 
converting  them 
into  profilers  when  required. 

It  is  because  irregular  outlines  are  so  very 
costly  to  shape  by  any  other  method  in  other 
machines,  or  by  hand,  and  are  practically 
incapable  of  interchangeable  production  by 
such  methods,  that  the  milling  machine  is  of 
the  highest  value,  and  scores  most  heavily  in 
this  class  of  work. 

GENERAL     CONSTRUCTION. 

The  principle  is  illustrated  in  lig.  i,  in  which 
A  is  the  former,  B  a  pile  of  work,  the  shape  of 
each  piece  in  which  is  controlled  by  the  move- 
ment of  the  tracer,  C,  around  the  edge  of  A. 
The  spindle  head  or  slide,  D,  is  free  to  follow 
the  irregular  movements  of  C.  The  exact 
longitudinal  adjustments  of  C  are  provided  for 
in  large  machines  by  a  sliding  block,  E,  in 
which  the  stem  of  C  lias  its  bearings,  and  these 
are  controlled  by  a  screw.  The  taper  form  is 
imparted  to  the  tracer  pin,  C,  in  order  to 
provide  for  coarse  and  line  depths  of  cut, 
effected  by  raising  or  lowering  the  tracer. 


It  is  easy  to  understand  that  in  movements  of 
this  kind  any  lost  motion  in  the  fitting,  either  of 
the  spindle  and  its  head,  or  of  the  tables,  would 
be  fatal  to  accuracy  of  results.  Provision  is 
therefore  made  for  taking  up  wear  as  soon  as  it 
begins  to  develop. 

In  all  the  ligliter  types  of  profilers  there  are 
two  movements  to  the  cutter,  one  horizontally 
by  the  sliding  of  the  head  bodily,  and  one  verti- 
cally by  the  sliding  of  the  cutter  spindle  alone. 
The  lirst  is  controlled  by  the  former  and  tracer 
]iin,  the  second  by  hand.  In  most  machines 
the  head  and  pin  are  maintained  in  contact 
with  the  former  by  the  pull  of  a  suspended 
weight.  In  some  of  the  smallest  machines, 
however,  a  handle  alone  is  used  for  imparting 
the  pull.  The  sliding  head  in  good  machines 
is  carried  on  rollers  on  the  top  edge  of  the 
horizontal,  or  cross  rail,  to  lessen  friction.  In 
order  to  allow  for  the  everclianging  horizontal 
positions  of  the  sliding  head,  the  spindle  pulley 
is  driven  by  a  half-crossed  belt  from  a  long  drum 
at  the  rear.  The  work  is  carried  on  a  sliding 
table,  which  is  operated  by  hand  or  by  power. 

A     TYPICAL     MACHINE. 

The  mechanism  of  a  profile  milling  machine 
is  best  studied  in  the  front  and  side  elevations, 
given  in  tigs,  j  and  3,  of  one  of  the  latest  forms 
built  by  Messrs.  Webster  and  Bennett,  of  the 
Atlas  Works,  Coventry. 

Tlie  spindle.  A,  is  driven  from  the  long  drum, 
B.  on  the  same  shaft  as  the  three-stepped  cones. 
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FIG.      16.  iir.WY      I'lMIIMN'O      MALlllXK. 

KICXDAI.I.    AND    CICNT,    MANX  IlKSTKK. 
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with  a  quarter-twist  belt.  Tlic  slide,  C,  in 
which  the  spindle  has  its  bearings,  has  a  range 
of  vertical  travel  on  the  carriage,  D  (3^  in. 
in  this  case),  and  is  counterbalanced  by  the 
weight,  E,  at  the  end  of  the  quadrant  rack. 
The  cairiage,  D,  runs  on  its  cross  rail,  on  rollers, 
in  order  to  render  its  working  as  easy  as 
possible  ;  a  is  the  former  pin,  which  being  held 
against  the  former  or  pattern  by  the  weight,  F. 
and  so  pulling  the  slide,  D,  imparts  its  pattern 
to  the  work  upon  the  table.  By  clamping  the 
saddle  on  the  cross  slide  the  machine  can  be 
used  as  a  vertical  miller  for  plain  work  within 
its  range,  including  such  operations  as  slot 
drilling,  face  milling,  etc. 

The  table  feeds  include  one  longitudinal, 
accomplished  in  this  case  with  rack  and  pinion, 
and  a  circular  drive  with  worm  gear.  The 
longitudinal  feed  is  derived  from  the  stepped 
cone,  F,  through  spurs,  bevels,  worm  and  worm 


wheel,  and  again  through  spurs  to  the  rack, 
the  course  of  which  is  clearly  indicated  in  the 
two  views.  Stops,  bb,  strike  a  lever,  c,  and 
reverse  the  motion  through  the  claw  clutches 
on  the  worm  shaft.  The  table  can  be  moved 
and  adjusted  by  hand  from  G.  The  gear  for 
the  feed  of  the  circular  table  is  seen  at  the 
right  of  fig.  2.  It  comprises  worm  and  spur 
gears,  which  can  be  thrown  out  instantly  by  the 
clutch,  by  hand.  Tlie  table  has  the  sud  trough 
round  it,  without  which  no  machine  is  now 
considered  complete.  All  the  gears  are  machine 
cut,  and  protected  by  guards.  Provision  is 
made  for  taking  up  wear,  so  that  no  lost  motion 
shall  occur  in  the  movements  of  the  table.  A 
pump  is  seen  at  H,  belted  from  the  main 
driving  shaft.  The  body  of  the  machine  forms 
a  tank  for  suds.  A  tool  cupboard  is  also  lilted. 
Tiie  spindle  is  of  steel,  hardened  and  ground, 
and  runs  in  adjustable  bearings  of  gun-metal. 
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Uli.  4.    DOUHI.E-SPISDLE  VEKTICAL  MILLING  MACHINE. 
H.  \V.  WAKD   AND   C(1.,    lilKMINGHAM. 

The  end  thrust  is  taken  on  ball  collars.     This 
m.achine  weighs  about  a  ton. 

TWO-SPINDLE     MACHINES. 

A  good  many  machines  are  made  with  two 
spindles,  examples  being  given  in  ligs.  8  and 
17.  These  machines  fulfil  two  useful  functions, 
since  each  spindle  can  be  used  on  a  separate 
piece  of  work  dissimilar,  or  else  identical,  in 
form.  In  the  first  case  the  output  is  doubled  ; 
in  the  second,  one  spindle  will  take  a  roughing 
and  tiie  "ther  a  flni■^lling  cut. 

THE     WARD     MACHINE,     WITH     TWO     SPINDLES. 

Figure  4  illustrates  a  very  handy  two-spindle 


machine  by  Messrs.  H.  W.  Ward  and  Co.,  of 
Birmingham,  which,  though  not  a  true  profiler, 
may  be  considered  as  a  connecting  link  between 
the  plain  vertical  spindle  machines,  and  the  pro- 
filers. It  is  designed  for  doing  circular  work, 
the  edges  of  which  can  be  milled  to  any  sec- 
tional form.  The  table  is  rotated  by  worm  and 
wheel,  and  the  spindles  are  driven  by  a  single 
belt  passing  around  idlers  to  Hanged  pulleys  at 
the  spindle  heads.  The  advantage  of  being 
able  to  take  a  roughing  and  a  linishing  cut  on 
work  without  resetting  is  very  great.  'I'he  value 
of  this  when  large  numbers  of  similar  pieces 
liave  to  be  turned  out  to  intercliange  is  obvious. 
A  pump  supplies  lubrication,  which  is  drained 
off  into  the  body  of  the  machine,  to  be  pumped 
up  again. 

THE     ARCHOALE     MACHINES. 

Messrs.  James  Archdale  and  Co.,  of  Birming- 
ham, make  a  speciality  of  profiling  maciiines,  of 
which  the  lirm  manufactures  several  sizes  and 
types,  forming  an  important  section  of  the  plant 
for  arsenals.  F"ig.  5  illustrates  one  of  the  smaller 
sizes,  having  an  8-in.  horizontal  traverse  of  the 
spindle,  and  a  table  measuring  15  in.  by  12  in. 
Tiie  horizontal  drum  from  which  the  spindle  is 
driven  is  partly  seen  behind,  and  also  the 
counter-balance  of  the  spindle.  The  horizontal 
slide  runs  on  rollers,  and  the  same  lever  at  the 
front,  which  moves  the  vertical  slide,  also  pulls 
the  horizontal  slide  and  pin  against  the  former 
or  pattern.  The  table  feed  is  by  a  hand  wheel, 
through  spur  gears  to  a  rack,  and  the  wheel 
which  gears  with  the  rack  is  in  halves,  so  that 
back  lash  can  be  taken  up.  The  machine  fram- 
ing contains  a  reservoir  for  suds,  which  are 
pumped  thence  up  to  the  cutter. 

A  heavier  machine  by  this  lirm  is  shown  in 
fig.  6,  in  which,  instead  of  being  merely  hand- 
operated,  all  motions  are  self-acting.  The  cross 
slide  is  pulled  over  to  its  work  by  a  weight,  and 
it  has  self-acting  transverse  traverse  by  worm 
gears  and  a  screw.  The  vertical  slide  is 
counterbalanced  by  springs,  and  adjusted 
by  hand  wheel  and  screw.  The  table  is  fed 
and  reversed  automatically  in  the  longitudinal 
direction,  and  the  removable  circular  table  is 
also  self-acting.     The  base  is  utilised  as  a  tank. 

A  very  line  profiling  machine  by  the  s;»me 
makers  is  shown  in  fig.  7,  being  back-geared, 
and   having   a   table   measuring  4  ft.   6  in.   by 
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2  ft.  4  in.  The  machine  can  be  used  as  a 
profiler,  or  for  ordinary  work.  For  tlie  former 
it  is  furnished  witli  a  chain  and  weights,  for  the 
latter  the  cross  slide  is  rendered  self-acting  by 
gears.  The  vertical  slide  is  counterbalanced  by 
a  wei.yht  dependent  from  chains.  The  table 
has  quick  return  motion  in  each  direction.     All 


by  Messrs.  Pfeil  and  Co.,  of  Clerkcnwcll,  dillcrs 
in  several  respects  from  other  designs.  Thus, 
it  has  separate  spindles  for  slow  and  quick 
speeds,  the  latter  being  driven  from  the  former. 
But  the  wear  on  the  large  slow-speed  spindle 
is  much  less  than  it  would  he  if  run  at  a  higli 
rate  of  revolution.     When   the  m.iin  spindle  is 
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5.      ONE    OK"    THK   SMALLER    I'KOKILIXG    »rACHIXKS. 
).    ARCHDAI-E    AXD    CO.,     lURMINGHAM. 


feeds  are  self-acting,  and  all  have  hand  adjust- 
ments also.  The  feeds  are  driven  through 
friction.  There  are  sixteen  changes  of  sjiced 
to  the  cutter  spindle. 

A     DOUBLE-SPINDLE     REINECKER     MACHINE. 

A   large  pnililing    machine  dig.  81,  l)y  J.   E. 
Hcinecker,  of    Chcmnit/.-Gablen/,    represented 


in  use,  the  secondary  one  is  thrown  out  of  gear. 
In  the  machine  shown  the  spindle  rates  are  as 
tliree  to  one.  The  driving  is  clone  through 
stepped  cones  and  back  gears,  having  a  ratio  of 
i6.\  to  I,  and  bevel  wheels  to  the  spindle. 
.\nother  feature  is  that  instead  of  the  profiling 
action  being  effected  by  dr.iwing  over  the 
spindle  head  against  a  former,  the  tabic  slide  is 


FIG.      7.         VliKTICAI.      MII.LIXG      MU:il  IN  !■:,      WITH      1>R(U-1LING      ACrlOX. 
J.      AKCHUALE      AND      CO.,      I'.I  lOllXGll  AM. 
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l-IG.    6.  SELK-ACTINt;     I'KOKII.IXO     MALH  INK. 

J.    AKCMDAI.E   AXD   CO.,    HIUMIXGHAM. 


moved.  The  prolilin.i;  roller  is  carried  in  a 
bracket  which  is  bolted  tr),  and  adjustable  on 
the  base  of  the  main  frame.  Circular  milling  is 
provided  for  by  a  round  table,  not  shown. 
Feeds  are  automatic,  the  transverse  feed  varies 
from  ,'„  in.  to  7  in.  per  minute.  The  table  has 
a  quick  return  motion,  nineteen  times  faster 
than  the  feed.  The  size  of  the  machine  is  a 
strikinf;  feature.  It  weighs  nearly  8.\  tons,  and 
the  working  surface  of  the  table  measures 
6ft.  2  ;  in.  by  i  ft.  iii  in.     The  bottom  spindle 


bearing  is  6,'„  in.  in   diameter,  by  11;  in.  long, 
the  upper  one  4}  in.  by  S.  In. 

SPECIALISED    MACHINES     BY     WEBSTER     ANO 
BENNETT. 

Messrs.  Webster  and  Bennett,  of  Coventry, 
make  some  patented  ]irolile  milling  machines 
of  unusual  and  interesting  types,  both  horizontal 
and  vertical.  Two  horizontal  machines  are 
shown  in  ligs.  9  and  10,  the  lirst  for  work  of  a 
general  character,  the  second  for  special  purposes. 


Milling   Machines. 
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FIG.    8.       HEAVY    PKOKIMXG    MACHINE. 
1.      E.      REIXECKEH,      LH  EM  XITZ-GAHLEXZ. 


The  machine  in  fig.  9  is  double-headed — 
that  is,  there  are  two  cutter  heads,  and  two 
work  heads  carried  on  one  bed,  so  that  one 
attendant  can  mind  two  pieces  of  work.  The 
weights  seen  below  hold  up  the  roller  or  tracer 
against  the  cam  or  former  plate,  and  so  move 
each  work  head  to  and  fro.  The  hand  levers 
seen  in  front  are  used  to  pull  the  heads  to  the 
front  when  work  has  to  be  changed.  The  four- 
stepped  cones  drive  worm  gear,  by  which  the 
work  is  rotated,  but  the  worm  is  provided  with 
a  friction  clutch  and  releasing  attachment,  by 
means  of  which  awkward  shapes  can  be  milled. 
(See  figs.  12  to  15.)  This  machine  is  suitable 
for  milling  cams,  links,  small  levers,  gkmds, 
squares,  hexagons,  etc.,  used  on  steam  and 
water  fittin"s. 


The  machine  shown  in  tig.  10  has  been  speci- 
ally designed  for  milling  the  cams  of  motors  and 
similar  work,  when  the  cams  are  solid  with  the 
shaft,  or  loose. 

The  piece  is  held  in  a  three-jaw  self-centring 
chuck,  which  grips  the  shaft  on  its  journals  or 
turned  parts.  The  portion  operated  upon  is 
close  to  the  chuck,  and  the  job  is  still  further 
supported  bv  a  steady.  The  former  plate  is 
immediately  behind  the  chuck,  and  the  whole 
is  revolved  against  the  cutter  by  worm  gearing. 
The  bracket  at  the  e.xtreine  rigiit  supports  the 
end  of  the  shaft,  and  is  provided  with  a  division 
plate  to  ensure  the  different  cams  along  the 
shaft  being  in  the  correct  relation  to  each  other. 
After  each  cam  is  milled,  the  chuck  is  opened, 
and  the  shaft  slid  through   the  hollow  spindle 
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far  enough  to  bring  the  next  cam  into  position. 
The  bracket  at  the  extreme  right  slides  with 
the  cam  shaft,  tlie  dividing  phiiiger  being  with- 
drawn before  tlie  feed  motion  is  started.  The 
cutter  is  carried  in  a  head  which  shdes  to  and 
from  the  bed  at  tlie  back.  The  tracer  roller  is 
mounted  upon  it,  and  is  kept  up  to  its  work  by 
a  weight  and  chain.  A  hand  lever  at  the  front 
withdraws  the  cutter  from  the  work  while  a 
change  is  being  made.  For  milling  loose 
cams  a  short  mandrel  is  fixed  to  the  former 
plate  in  place  of  the  chuck.  The  bed  of  the 
machine  rests  on  a  sud  tray,  nnd  a  pump  is 
provided. 

The  vertical  profile  milling  machine  in  fig.  1 1 
is  another  speciality  of  Messrs.  Webster  and 
Bennett.  In  its  essential  mechanism  it  re- 
sembles the  horizontal  machine,  fig.  9,  but  the 
work  head  is  made  to  slide  on  a  vertical  bracket 
instead  of  on  a  horizontal  bed.      Its  value  lies 


in  the  tooling  of  pieces  that  lie  outside  the 
range  of  the  horizontal  machine.  The  work  is 
fastened  to  a  cam  plate  carried  on  the  end  of  a 
large  hollow  spindle,  through  which  a  bolt  runs 
for  securing  the  mandrel  in  the  spindle  end. 
The  various  movements — circular,  vertical,  and 
trip — are  controlled  by  adjustable  dogs.  The 
slide  which  carries  the  spindle  is  counter- 
b.ilaiiced. 

The  sketches  (figs.  12  to  15)  will  serve  to  illus- 
trate the  many  and  varied  pieces  which  are 
dealt  with  on  these  machines,  and  the  method 
of  their  operation.  Figs.  12  and  13  show  a 
cycle-fork  crown  attached  to  the  cam  plate,  and 
just  commencing  its  revolution  in  the  direction 
of  the  arrow,  the  cutter,  of  coui-se,  running 
against  it.  The  cam  plate  is  held  against  the 
roller  by  the  weight  in  the  ordinary  manner 
until  the  position  at  fig.  14  is  reached.  At  this 
point  the  cam  is  assisted  by  a  roller  at  the  rear 


HG.  9.      UOIULE-HEADED    HORIZON'TAI.   PROFILE    MILLING     MACIIINK. 
WEBSTER  AXn    IJEXXETT,  COVENTRY. 
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WKHSTER   AXr)    HEXXETT,    L0\  ENTRY. 


of  the  automatic  head.  Its  action  is  shown  in 
fig.  15.  An  inchned  bracliet  is  bolted  to  the 
bed,  against  which  the  roller  pushes,  with  the 
result  that,  as  the  bracket  cannot  move,  the 
whole  head  is  pushed  over  bodily  in  the  direc- 
tion of  tlie  arrow.  This,  of  course,  draws  the 
cam  out  of  its  awkward  position — shown  in 
iig.  14 — and  allows  it  to  proceed  on  its  revo- 
lution. This  action  occurs  twice  in  each 
revolution,  the  large  worm  wheel  being  mounted 
on  a  friction  cone,  to  enable  it  to  slip  slightly 
in  the  operation,  the  lost  motion  being  taken 
up  in  a  division  plate,  the  small  holes  of  which 
are  indicated  in  Iig.  15. 

MODIFICATIONS     IN      DESIGN. 

Many  profiling  machines  have  heads   without 


any  range  of  vertical  movement,  the  only  move- 
ment available  in  this  direction  being  that 
imparted  to  the  spindle  itself  by  the  hand  lever. 
In  the  smaller  machines  of  the  pillar  and  knee 
type,  the  knee  supplies  the  means  for  increasing 
the  vertical  range.  In  the  heavier  machines  of 
the  planer  type  the  cross  rail  can  be  raised  and 
lowered  on  the  housings.  So  that  in  the 
heavier  and  the  lighter  machines  we  have  two 
entirely  distinct  arrangements  for  increasing  the 
capacity  of  these  machines  to  suit  work  of 
different  heights.  In  an  intermediate  class,  in 
which  the  machine  is  usually  carried  on  a  cup- 
board base,  and  which  supports  the  table 
slides,  the  cross  rail,  though  frequently  rigidly 
fixed  with  the  housings,  is  also  sometimes  made 
movable  thereon,  as  in  the  planer  type. 
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FIG.     II.        VERTICAL     I'KOKII.E     MILLING     MACHINE. 
WEBSTER   AXD    HEXXF.TT,  COVENTRY. 


Fifjure  16  illustrates  a  large  profiling  machine 
of  the  planer  type,  by  Messrs.  Kendall  and  Gent, 
of  Manchester,  which,  of  course,  is  equally  suit- 
able for  plain  and  circular  milling.  The  feature 
to  be  noted  in  tliis  machine  is  that  the  spindle 
is  not  driven  by  a  belt  from  a  drum  at  the  rear, 
but  through  to  Jihed  gearing,  a  practice  whicii 
is  adopted  in  a  good  many  of  the  heavier 
machines. 


THE     WESSON     DRIVE. 

Tiie  belt  dilliculty  in  proliling  machines, 
wiiere  the  position  of  the  head  is  constaiitly 
changinj.'.  is  obviated  by  the  recently  patented 
Wesson  drive.  It  is  applied  to  the  machines  of 
the  Garvin  Machine  Company,  represented  in 
England  by  Messrs.  C.  W.  Burton,  Grifliths 
and  Co.,  of  Ludgate  Square,  E.G.  The  essen- 
tial  feature   is   that    the   jirofiling   spindle,    or 


Milling    Machines. 


<J59 


FIG  12, 


FIG    15. 
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spindles,  are  driven  directly 
from  the  counter-shaft  by 
telescopic  shafts.  One  of  the 
two-spindle  profilers  made 
by  this  firm,  fitted  with  the 
drive,  is  shown  in  fig.  17. 
The  telescopic  rods  which 
come  down  to  the  top  ends 
of  the  spindles  are  made 
to  suit  the  height  of  the 
ceiling  of  the  shop.  The 
countershaft  is  of  a  special 
type.  A  single  casting 
c;irries  the  whole  of  the 
pulleys.  A  three  -  speed 
cone  pulley,  with  an  internal 
friction  clutch,  is  belted  from 
the  main  line  shaft.  Two 
pulleys  on  the  cone  shaft 
drive  two  small  flanged 
pulleys  on  vertical  shafts, 
which  are  jointed  to  the 
telescopic  spindles.  The 
direction  of  rotation  of  one 
or  of  both  spindles  can  be 
changed  by  sliding  the 
hinder  pulleys  sideways,  and 
reversing  the  belt.  The 
weight  of  the  telescopic 
spindles  is  taken  on  roller 
thrust  washers.  The  joints 
are  fastened  to  the  spindles 
and  shafts w-ith  keys,  secured 
by  taper  pins  rivetted  over 
at  both  ends.  The  joint  pins 
are  tapered,  and  secured 
by  lock  nuts.  In  the  centre 
of  the  pin  block  there  is  a 
hole  which  contains  felt, 
kept  saturated  with  oil, 
which  is  driven  out  to  the 
pin  by  centrifugal  force,  and 
so  lubricates  the  joint. 

THE     GARVIN      MACHINES. 

Apart  Mom  this  interesting 
drive,  which  obviates  much 
of  the  vibration  caused  by 
belts,  and  does  not  block 
the  light  so  much  in  the 
shop,  the  Garvin  machines 
possess  several  good  points. 


KIG.    17.       (lAKVIX    TWO-SI'IXDI.K    I'KOHI.I-.K,    WITH    \Ms^()N    liKIM-., 
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FIG.    l8. 


The     housings    are    utilised    as   reservoirs    for 
oil    or  water,    and    ilexible   pipes    lead  thence 
to    the    spindles.      The  lubricant   is  led    back 
to  a  reservoir  in    the    base,  whence   a    innnp 
returns  it    to   the   housings.       The  hangers  in 
the    overhead  are    supplied  with    large    reser- 
voirs of  non-fluid  oil,  which   lubricates  without 
attention  for  a  long  time,  and  is  not  thrown   off 
by  the  rotation  of  the  shafts.    A  large  oil  groove 
round  the  table  keeps  grit  off  the 
slides.      The   spindle    slides    are 
balanced.      They  have  adjustable 
lock     tops,     micrometer     adjust- 
ments,   and    screw   gauge   stops. 
Stops  are  lifted  to  the  table  move- 
ment, and  back  lash  is  taken  up 
on  the  pinion  and  rack  that  drives 
the   table.       The    lever     usually 
employed     for      controlling     the 
movement  of  the    cross    slide  is 
replaced  by  a  crank  handle  and 
gearing,      giving      the     operator 
greater  command  over  his  work, 
witii  less  effort  on  iiis  part. 

THE    NEW     PRATT    AND    WHITNEY 
SPINDLE      DRIVE. 

.■\nother  recent  drive,  whicli  docs  away  with 
belts  to  the  spindle,  is  illustrated  in  hg.  iS, 
which  represents  the  spindle  of  a  double-spindle 
profiling  machine  by  the  Pratt  and  Whitney 
Company,  of  Hartford.  A  horizontal  splined 
shaft  lying  along  the  cross  rail,  and  driven  from 
a  three-stepped  cone,  carries  a  spiral  gear,  which 
engages  with  a  similar  gear  on  the  cutter  spindle. 
The  details  shown  in  the  drawing,  including  the 
ball  thrusts,  are  self  explanatory.  The  metiiod 
of  holding  in  the  taper  shanks  of  the  cutters  is 
also  shown  dotted,  a  long  bolt  passing  through 
the  hollow  spindle,  in  the  manner  common  to 
li.cjht  machines. 


A    UL5UME    or    MAtMINC   TOOI-5.    CW3NE5.    AND    EOUNDU/ 
ri3TTttt5    rO\i    Ihl:    MONTH. 


MACHINE     TOOLS. 

XTIT'K  illustrate  one  of  the 
'  ^  Milwaukee  milling 
machines,  for  which  Messrs. 
Schischkar  and  Co.,  Ltd.,  of 
Birmingham,  are  the  English 
agents.  A  general  idea  of 
the  design  can  be  gathered 
from  the  photo  (tig.  i), 
while  the  heavily  shaded 
portions  in  figs.  2  and  3 
show  the  vertical  spindle, 
and  the  rack  cutting  attach- 
ments. The  machine  is 
interesting  as  representing 
high-class  American  prac- 
tice by  a  firm  who  offer  a 
welcome  to  all  visitors,  and 
who  work  only  in  speciali- 
ties. 

The  headstock  is  curved 
upwards  at  the  rear  of  the 
pulleys,  in  lathe  head 
fashion,  and  is  braced  at 
the  top  by  a  continuous 
boss,  which  receives  the 
overhanging  arm.  The  arm 
and  knee  are  connected 
with  cross  braces,  which 
arc  readily  removable.  The 
knee  is  of  the  box  section. 
Feeds  are  automatic,  in 
longitudinal,  transverse,  and 
vertical  directions,  and  only 
one  can  be  engaged  at  one 
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FIG.    2.       VENTICAL-SPINDI.I-:    ATTACH  MKNT. 

time,  the  other  two  being  automaticallv  locked. 
The  feeds,  twelve  in  number,  range  from  •006 
in.  to  '13  in.  per  revolution  of  the  cutter  spindle. 
Thej-  are  controlled  from  a  box  at  the  rear  of 
the  machine  by  simply  moving  a  lever  over  a 
dial  plate,  and  without  the  employment  of 
stepped  cones.  The  headstock  spindle  has  a 
taper  hole  to  receive  a  Xo.  10  B.  and  S.  taper 
shank,  and  the  nose  is  threaded,  and  protected 
by  a  collar  when  not  in  use.  The  spindle 
bearings  are  of  bronze. 

In  the  universal  machines,  the  spindle  of  the 
spiral  head  has  a  taper  hole  and  threaded  nose 
to  correspond  with  that  of  the  main  spindle,  so 
that  all  lixtures  will  interchange.  The  back 
centre  is  adjusted  verticallv  for 
tapered  work  by  means  of  a  rack 
and  pinion.  It  is  graduated  in 
degrees,  to  correspond  with  the 
graduations  on  the  head,  so  that  it 
is  possible  to  set  the  tail  centre  in 
line  with  the  spindle  on  the  head 
instantly.  The  swivel  carriage  has 
a  graduated  circular  base,  and  can 
be  clamped  at  any  angle.  The 
thrust  of  the  elevating  and  table 
screws  is  taken  on  ball  bearings. 
The  feed  screw  has  compensating 
nuts,  and  all  vital  parts  subject  to 
wear  have  means  of  adjustment. 
The  screws  have  micrometric  dials, 
leading  to  thousandths  of  an  inch. 

The    vertical-spindle    attachment 
(fig.  2)  is  used  with   the  arm  brace 


still  in  service,  so  that  heavy  cutting  is 
readily  done.  The  spindle  can  beset 
to  any  vertical  angle,  and  clamped 
there  by  moans  of  the  nuts  in  a  cir- 
cular tee-groove  on  the  face  of  the 
head.  The  edge  is  graduated  into 
degrees. 

The  rack-cutting  attachment  (lig.  3) 
is  bolted  to  the  same  face  as  the 
vertical-spindle  iitting,  and  is  also 
supported  by  the  overhanging  arm. 
Room  is  left  for  the  lifting  of  several 
cutters  set  parallel  with  each  other  for 
cutting  teeth  in  a  rack  simultaneously. 
Spiral  gears  can  be  cut  with  the 
universal  head  and  swivel  table.  In 
many  cases  a  circular  saw  is  inserted 
for  cutting  stock  off  to  length. 

NEW     LATHE     BV      MR.     GEORGE     ADOY. 

The  photo  illustrates  a  new  electrically-driven 
pipe-turning  and  boring  lathe  by  Mr.  George 
Addy,  of  the  Waverley  Works,  Sheflield.  It  is 
designed  for  dealing  with  pipes  ranging  from 
10  in.  to  30  in.  diameter,  by  12  ft.  6  in.  in 
length.  The  tool  is  of  large  dimensions,  weigh- 
ing 15  tons,  and  is  a  striking  illustration  of  a 
highly  specialised  machine. 

Both  heads  are  driven  independently,  each  by 
its  own  motor,  which  is  of  the  foiu'-pole  type, 
and  therefore  slow  running.  Instead  "f  using  a 
worm  drive,  the  rotation  of  the  motors  is  trans- 
mitted to  the  headstock  gears  through  a  pair  of 
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bevel  wheels.  The  meciianisin  of  each  head  is 
alike,  so  that  a  description  of  one  will  apply  to 
both. 

Each  ot  the  boxes  seen  in  front  of,  and  below, 
the  main  spindles  of  the  headstocks,  contains  a 
nest  of  spur  j^ears.  The  headstocks  are  double 
geared,  but  the  back  gear,  placed  below,  is 
always  in  engagement,  and  variation  of  speed 
is  obtained  by  the  nest  of  spur  wheels  just 
mentioned.  In  each  box  tiiere  is  a  bottom  shaft 
which  can  be  slid  longitudinally,  and  a  top 
shaft  which  has  no  endlong  motion.  These 
shafts  carry  gears,  and  the  bottom  one  a  sliding 
key,  by  which  either  one  of  three  wheels, 
each  of  a  different  size,  is  brought  into  engage- 
ment by  the  movement  of  the  lower  lever  seen 
in  front  of  the  box,  so  changing  the  speed  of 
the  spindle,  in  addition  to  the  changes  afforded 
by  the  regulating  switch  above  the  box.  The 
upper  smaller  lever  controls  tlie  feed.  This  is  at- 
tached through  worm,  bevel,  and  spur  gearing,  to 
a  screw  underneath  the  headstock.  This  can  be 
stopped  instantly  by  the  long  lever  that  stands 
up  on  the  inside  of  each  box,  and  which 
controls  a  positive  clutch. 

The  three  switches  seen  above  each  gear 
box  are  as  follows.  The  one  at  the  extreme 
outer  end  is  the  starting  switch,  the  one  above 
is  the  speed-regulating  switch,  or  controller, 
and  the  iimcr  one  is  a  double-pole  switch  used 
when  stopping  the  motor.  This  switch  breaks 
the  current,  and  so  avoids  having  to  tear  the 
magnetic    switch    from    its    attraction  ;    con- 


sequently it  moves  b.ick  as  soon  as  the  attrac- 
tion has  ceased. 

The  absence  of  a  slide  rest  from  this  type  of 
lathe  is  explained  by  the  metiiod  of  turning 
and  boring  adf)pted  in  pipe  work.  Cutter  rings 
are  bolted  to  each  face  plate,  one  of  which 
turns  the  external  diameter  of  one  end  of  the 
pipe,  while  the  other  bores  the  internal  diameter 
of  the  other  end.  Each  headstock  advances 
by  the  screw  feed  just  now  mentioned,  towards 
the  centre  of  the  bed,  until  each  end  has  been 
turned  and  bored  to  the  required  length.  The 
face  plates  are  grooved,  so  that  the  boring  and 
turning  heads  can  be  bolted  into  position  easily. 
The  pipe  rests  or  steadies  are  interesting  pieces 
of  mechanism,  comprising  line  screw  adjust- 
ments for  centres.  The  spindles  run  in  bear- 
ings of  gun-metal. 

CRANES. 

A  correspondence  wliich  has  been  going  on 
in  a  contemporary  relative  to  electric  cranes 
affords  a  striking  commentary  on  the  weakness 
of  diigm;itic  assertion.  Two  firms,  both  thor- 
ouglilv  reliable,  and  fully  conversant  with  the 
best  modern  methods,  differ  widely  on  a  ques- 
tion of  efficiency.  The  writer  knows  the  works 
of  one  ot  these  firms  very  well,  and  would  be 
prepared  to  swear  by  any  statements  which  they 
should  make,  so  carefully  are  all  experiments 
conducted  there,  and  of  so  high  a  grade  is  the 
workmanship  put  into  their  cranes.  Hut  the 
point  is  this — experiments  which  are  conducted 
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in  different  works  are  not  exactly  comparable 
witli  each  other,  and  the  results  that  are 
obtained  arc  very  largely  afl'ected  by  little  details 
of  workmanship,  and  by  local  shop  conditions, 
which  are  often  of  much  greater  importance 
than  the  niere  calibration  of  instruments  used 
in  tests.  Practical  men  will  quite  understand 
how  this  can  happen.  The  writer  holds  that 
mere  statements  of  results  obtained  in  different 
shops  are  of  little  value. 


cranes.  It  is  true  thai  in  a  vast  number  of  cases 
ropes  have  been  taken  out,  and  the  cranes  con- 
verted into  electrical  ones,  with  economical 
results  ;  but  in  a  large  number  of  instances  the 
rope  cranes  never  had  the  chance  to  develop 
their  fullest  possibilities,  the  reason  being  the 
neglect  of  those  precautions  which  experience 
has  shown  are  necessary  to  yield  the  best  results 
from  the  system.  There  is  nothing  perhaps 
mi)re  responsive  to  frictional  losses  than  a  high- 
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It  is  much  to  be  desired  that  the  whole 
subject  of  electric  icisiis  rope  cranes  should  be 
settled  in  one  shop  on  the  same  overhead  crane, 
or  on  two  cranes  of  similar  make,  fitted  with 
motors  and  ropes  respectively.  The  subject  is 
one  of  much  practical  interest.  Even  now, 
though  so  many  cranes  are  motor-driven,  there 
are  tirms  who  still  retain  and  prefer  the  rope 
drive,  and  a  good  business  is  still  done  in  these 


speed  rope  running  over  a  number  of  pulleys. 
If  the  rojie  is  of  unsuitable  material,  badly 
made  or  badly  spliced,  if  the  pulleys  are 
small  and  not  true,  nor  hung  truly,  nor  of  proper 
section,  if  the  jockey  weight  is  not  properly 
proportioned,  if  bends  are  sharp,  or  speeds  too 
high,  the  efliciency  of  the  rope  is  greatly 
lessened,  and  excessive  power  is  required  to 
drive  it.     But  in  ;my  case  it  is  a  rope  drive. 
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Tlie  subject  is  one  of  more  than  passing 
interest,  because  the  choice  uf  power  for  over- 
head travellers  is  now  almost  entirely  restricted  to 
ropes  and  electric  motors.  The  steam  traveller, 
except  for  outdoor  service,  for  which  it  is  often 
vcr}-  suitable,  is  being  used  less  and  less,  while 
the  square  shaft  system  has  many  fatal  objec- 
tions, and  is  being  abandoned  rapidly. 

FOUNDRY      MATTERS     CUPOLA     PRACTICE. 

In  England,  cupola  practice  has  not  advanced 
so  much  as  it  has  in  America,  nor,  probably,  as 
much  as  in  Germany,  that  is  if  it  is  to  be  gauged 
by  the  employment  of  patented  and  improved 
types.  In  this  respect  the  English  foundry- 
man  is  conservative.  And  yet  it  is  open  to 
question  whether  the  results  obtained  in  English 
foundries  with  common  cupolas  are  not  as 
economical  as  those  obtained  with  the  more 
scientilic  types.  Of  course,  a  very  big  factor 
always  is  the  length  of  a  melting,  but  beyond 
this  the  writer  holds  that  almost  everything 
depends  on  tne  skill  of  the  melter.  It  is  not 
only  possible  to  put  good  iron  and  good  coke 
(both  ideal  from  the  chemist's  point  of  view) 
into  the  cupola,  and  obtain  very  bad  metal, 
but  one  man  will  also  get  hot  clean  metal  with 
a  very  much  lower  expenditure  of  coke  than 
another.  All  the  patents— and  they  are  legion 
—which  have  been  taken  out  for  arrangements 
of  tuyeres,  only  embody  those  principles  with 
which  the  intelligent  melter  is  familiar,  viz., 
that  the  blast  must  be  evenly  distributed  through 
a  certain  zone  of  the  cupola,  which  occupies  a 
well-delined  vertical  position,  above  and  below 
which  complete  combustion  and  melting  do 
not  go  on.  Any  common  cupola  of  good 
height,  and,  with  a  good  arrangement  of 
tuyere  holes,  is  capable  of  melting  economi- 
cally, if  used  with  intelligence  by  a  man  of 
experience.  A  good  bed  charge  is  necessary, 
after  w  hich  a  comparatively  small  quantity  of 
coke  need  be  used. 

A  good  furnaceman  is  therefore  a  valuable 
acquisition  in  a  foundry,  and  his  wages  should 
rate  as  high  as  those   of    a  skilled   mechanic. 


There  is  no  time  to  idle  after  the  metal  comes 
down,  but  the  melting  zone  must  be  constantly 
watched  to  see  that  a  sufl'iciency  of  fluid  iron  is 
dropping,  and  the  necessary  instructions  given 
for  re-charging.  A  knowledge  of  chemistry 
alone  will  not  ensure  good  results,  though  it 
helps  a  man  in  understanding  the  reasons  for 
some  of  the  phenomena  which  he  observes 
daily,  and  is  thus  a  valuable  ally  to  practice. 

UNIVERSAL     TOOL     ORINOER. 

The  illuslralion  shows  a  universal  grinding 
and  linishing  machine,  with  automatic  longi- 
tudinal movement  of  table,  of  substantial  and 
high-class  manufacture.  It  is  by  the  London 
Emery  Works  Company,  of  Clerkenwell,  E.G. 
Articles  which  have  to  be  ground  to  gauge  can 
be  handled  with  facility  on  this  machine.  The 
fitting  of  an  automatic  travel  to  the  table  gives 
better  results  than  in  those  machines  with  hand 
travel  produced  by  means  of  a  crank  handle. 
In  grinding  milling  cutters  the  table  does  not 
travel  the  exact  length  of  the  teeth,  but  a  little 
further,  so  that  the  operator  has  time  to  bring 
another  tooth  into  position  before  grinding. 
Should  it  be  necessary  to  work  the  table  by 
hand,  as  is  sometimes  the  case,  the  clutch  on 
the  table  is  brought  into  gear  in  its  middle 
position,  thus  releasing  the  automatic  feed.  If 
the  reversing  pin  is  tightened,  the  return  stroke 
can  also  be  utilised.  The  grinding  head  is 
fastened  to  the  stand  of  the  machine  and  is 
adjustable,  and  either  an  emery  wheel  or  a 
cylinder  can  be  used.  Both  types  are  protected 
by  a  hood,  to  which  an  exhaust  pipe,  to  draw 
off  the  dust,  can  be  easily  fitted.  The  machine 
is  driven  from  an  overhead  motion,  having  an 
oscillating  saddle,  which  gives  automatic  motion 
to  the  table  :  and  the  adjustment  is  accurately 
balanced  with  a  counterpoise,  so  that  the  belting 
always  remains  taut. 

The  height  of  the  machine  to  the  centre  of 
the  spindle  is  44}  in.,  the  longitudinal  move- 
ment of  the  table  21,^  in.,  the  traverse  movement 
by  hand  g  in.,  and  the  vertical  movement,  also 
by  hand,  15J  in.  The  extreme  length  taken 
between  centres  is  24 1  in. 
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Some  1,510  tons  of  Cardiff  co.il  were  loaded  into  tlic  Tciriblc's  bunkers  in  5  hours 
comniencin;;  at  10.7  a.m.  and  finishing  at  3.7  p.m. — a  record  performance.  The  Terrible 
was  coaled  durinjj  the  hottest  hours  of  the  day,  the   temperature  in  the  shade  beiny  SS*,!". 
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Notes   and    News. 

10,000    Volts    Three-Phase    Transmission    in 
Algeria. 

Dcsciipliuii  of  the  M,iM.;ir.i  tlircc-phasc  ti;uismis- 
sioii  scheme,  wliich  iitihses  the  f:ills  nl'  the  river 
0»ecl-l'"ekan. 

TIllC  eletUic  power  tiansniission  system  at  Mascara 
ulihses  power  available  at  the  falls  of  the  river 
Ouecl-Fekan.  Ciirrent  is  provided  lor  the  public  and 
private  li.yhliii.i;  of  the  town  of  Mascara,  which  is  situated 
about  sixteen  miles  from  the  power  station,  and  also 
motive  power  to  the  Mascara  central  punipinj;  station, 
established  at  Side-Daho,  about  twentv  miles  from  the 
falls. 

It  may  be  mentioned  that  coal  averat;es  twenty-eit;ht 
shillings  a  ton  at  Mascara,  and  as  water  is  also  scarce,  the 
use  of  steam  power  was  practically  out  of  the  question. 

.■\  dam  had  to  be  made  to  retain  the  water  at  the 
necessary  level,  and  its  construction  presented  greater 
dilliculties  than  all  the  rest  of  the  undertaking;,  due  to  the 
fact  that  .-Vlgeria  is  frequently  visited  by  terrible  storms. 
The  first  dam  was,  in  fact,  swept  clean  away  by  one  of  these 
floods,  and  therefore  the  second  dam  lias  been  built  to 
withstand  ten  times  the  normal  pressure.  It  is  carried 
on  immense  concrete  foundations  sunk   into   the  bed  of 
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the  river  to  a  depth  of  seven  feet,  instead  of  onlv 
four  feet  as  at  lirst,  and  all  the  ni.isonry  is  built  in 
with  cement. 

The  head  race,  which  ci>nnnences  at  the  dam,  is  about 
2.000  yds.  long,  its  width  at  the  top  being  4  ft.  2  in.,  and 
at  the  bottom  2  ft,,  and  its  capacity  18  cubic  feet  pei- 
second.  It  is  concreted  throughout  its  whole  length,  and 
ends  in  a  reservoir  provided  with  an  overllow  outlet. 
From  this  reservoir  a  steel  pipe  line  about  4c)0  ft.  long 
runs  to  the  turbines. 

This  pipe  line  is  of  rolled  steel  in  lengths  of  20  to  .^0  ft. 
each,  and  jointed  on  the  (jibault  system.  The  internal 
diameter  is  2  ft.  3{  in.,  and  the  minimum  capacity  about 
174  cubic  feet  (I  ro  gallons!  per  second, with  a  loss  of  he.ul 
of  2  It. 

The  el'fective  height  of  the  tail  is  150  ft.,  and,  in  order 
to  economise  in  the  jiipe  line,  the  thickness  of  the  pipe  i^ 
graduated  as  below:  - 

50  ft.  :i\  in.  thick 

So  ft.  .;..  in.     ,. 

120  ft.  {  in.     ., 

145  ft.  -;■;  in 135    ,,      ,,  ,,  ,, 

Some  of  the  piping  is  supported  by  iron  rings  ti.xed  to 
massive  blocks  of  freestone  placed  at  convenient  intervals; 


I'or   45  lb.  per  square  inch 
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the  rest  is  carried  on  tarred  wooden  beams  so  arranjjcd 
that  the  pipe  is  raised  a  few  inches  above  the  ;iround. 

The  power  station  is  i>n  the  kit  bank  of  tlie  river,  at  a 
sufficient  height  to  ensure  its  being  above  the  water  level 
during  the  heaviest  Hoods.  The  building  is  40  fl.  long 
and  35  ft.  wide.  The  foundations  are  made  of  hydraulic 
cement,  concrete  being  also  used  where  the  presence  o' 
water  necessitates  this  construction. 

The  available  power  amounts  to  about  Jooh.p..and  two 
electric  generating  units  of  corresponding  output  liave 
been  installed,  one  of  them  being  a  stand-by. 

The  turbines  are  by  the  firm  of  -Wgrel,  Bremer  and 
Co.,  of  Grenoble,  and  are  of  the  liori/.ontal  shaft  type. 
They  are  constructed  for  a  head  of  130  ft.  and  jo  cunic 
feet  of  water  per  second,  and  develop  n;j  to  joo  h.p.  at 
500  revolutions  per  minute.  The  elliciency  is  «o  per  cent. 
at  full  load  and  yi  per  cent,  at  half  load,  a  special  turbine 
regulator  being  provided,  which  mainl.iins  the  speed  con- 
stant w  ilhin  two  or  three  per  cent. 

The  Ihree-ph.ise  generators  are  of  the  Inlernalion.il 
Electrical  Kngineering  Company's  (London)  stand.ird 
type,  having  a  siationary  armature  and  revolving  held 
magnels,  the  poles  (e.ich  having  its  own  coil)  being 
interior  to  the  armature  core.  Each  alternator  is 
capable  of  developing  125  kilowatts  at  530  volts  and  50 
periods  per   second,    when   running  al  500    evolulions 


per  minute.  It  is  complete  with  a  direct- 
driven  exciler,and  the  couplingsbetwcen 
Ihe  turbine  and  the  alternatiu'  shaft  are 
of  the  (le.\ible  type. 

It  may  be  mentioned  that  it  was 
decided  to  generate  Ihe  current  at  530 
volts,  and  to  translorm  up  to  10,000 
volts,  because  Ihe  construction  of  Ihe 
generators  and  also  Ihe  switchboard  is 
so  much  simplitied. 

.Mtboiigli  ,,ne  of  the  generating  sets 
is  usually  held  in  reserve,  the  connections 
are  such  thai  both  sets  can  be  run  in 
parallel,  as,  for  instance,  in  changing 
over  from  one  set  lo  the  other  without 
slopping  supply. 

The  transmission  line  consists  of  three 
bare  copper  conductors,  each  0-3  stjuare 
inch  cross  section.  The  poles  are  of 
cedar  wood,  40  ft.  high,  and  are  spaced 
30  to  50  yards  apart. 

.\t  both  ends  and  every  550  yards 
along  its  complete  length,  Ihe  line  is 
protected  by  "  Siemens'  "  lightning 
arresters.titted  with  high-lension  cut-outs 
Guard  netting  is  employed  where  the 
line  crosses  the  railway  and  the  public 
highway.s.  This  netting  is  in  the  form 
of  a  metal  cage,  and  it  is  impossible 
for  a  broken  line  wire  to  fall  lo  the 
ground.  Here  and  there  conspicuous 
notices  in  both  .\rabic  and  French  have 
been  placed  on  the  poles  stating  that 
contact  witii  the  line  is  fatal.  A  tele- 
phone line  connects  the  generating 
station  with  the  Mascara  and  the 
Side-Daho  pumping  works. 

The  receiving  station  at  Mascara  consists  of  an 
underground  vault,  containing  four  40-kilowatt  trans- 
formers, the  secondary  and  feeder  switchboards  lor  the 
town  lighting  supply.  .\  freezing  machine  has  also 
been  installed  lo  make  use  of  the  surplus  power  which 
is  avail.ible  during  the  day  time.  It  is  on  the  Douane 
system,  and  is  capable  of  producing  .270  lbs.  of  ice  per 
hour. 


The  Development  of  Eastern  Peru. 

The  Camiuii  de  I'ichis  i^  .1  hi  idk-ro.id.  which  is  intended 
lo  serve  as  an  outlet  for  the  produce  of  a  region  on  the 
eastern  side  of  the  watershed  tif  the  .Andes,  to  which  the 
Peruvian  GovernmenI  wish  lo  attract  innnigrants.  and  is  a 
part  of  the  "  Via  Central  '  or  "  Central   Route  ''  of  Peru. 

rhis  route,  taken  together  with  the  navigation  of  Ihe 
River  Amazon,  reaches  from  the  Pacilic  to  the  .-Mlanlic  ; 
but,  in  its  present  stale  of  development  at  least,  is  not 
intended  to  afford  through  coinnmnication. 

The  upper,  or  wesleni,  part  of  the  region  to  be 
developed  is  the  hilly  counlry,  from  which  are  derived 
several  streams  Mowing  into  the  Ccayali,  chielly  those 
which  do  so  as  allluenis  of  the  I'achitca.  This  hilly  part 
lies  mostly  above  seven  hundred  metres  of  allilude,  and 
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the  road  itself  rises  above  twelve  Inmdred  metres,  from 
sea  level.  The  more  eastern  part  of  the  road  traverses 
an  almost  level  region,  the  banks  of  the  Azupi/i'i,  and 
runs  alongside  that  stream,  and  the  Kiver  Pichis  to 
Puerto  Hermude/,  at  the  conllucnce  of  the  Pichis 
and  the  Chivis,  about  twenty  kilometres  north  of  Port 
Tucker. 

From  Callao  to  Oroya  is  220  kilometres  by  rail,  the 
latter  place  being  3,712  metres  above  sea  level.  Thirty 
kilometres  beyond  by  bridle-road  is  the  town  of  Tarma 
with  some  S,ooo  inhabitants  (at  an  altitude  of  3,054 
metres).  Seventy-eight  kilometres  further  north-east  is 
the  already  settled  valley  of  Chanchamayo,  with  tlie 
village  of  La  Merced,  which  has  ()00  inhabitants,  and  an 
altitude  of  775  metres.  Cocoa,  coffee,  and  sug.ir-cane 
are  cultivated  in  the  valley. 

Thirty-four  kilometres  further  on,  .uid  1 17  from  Omya, 
the  "  Camino  de  I'ichis  "  begins  at  the  little  village  of  San 
Luis  de  Shuaro  (X61  metres).  This  road  traverses  the 
region  now  advertised  by  the  Peruvian  Goverimient,  and 
is  221  kilometres  in  length,  traversing  a  wild  region 
which  has  entailed  the  provision  by  the  Government  of 
some  dozen  inns  to  provide  food  and  shelter  for  the  pack 
animals  and  their  drivers.  About  114  kilometres  are  in 
the  hilly  region,  and  the  remainder  in  the  flat  land. 
From  Puerto  Bermudez,  the  end  of  this  road,  the  journey 
is  made  by  steamboat  down  the  Pachitea  and  the  Lower 
Ucayali,  fifteen  hundred  kilometres,  to  Iquitos,  on  the 
.\mazon,  a  port  which  ocean-going  steamers  can  reach. 

It  is  not  4uite  clear  whether  a  transhipment  is  neces- 
sary between  Puerto  Bermudcz  and  Iquitos  ;  if  so,  it 
could  easily  be  avoided  in  the  future. 

The'producis  which  the  "zone  of  the  Pichis"  provides 
or  is  adapted  to  provide,  include  timber,  rubber,  resins 
etc.,  cocoa,  coffee,  coca,  and  sugar-cane. 

The  journey  from  Lima  to  Iquitos  is  supposed  to  lake 
seventeen  days,  the  return  journey  being  made  in  twenty- 
two  days. 

It  should  be  clearly  understood  that  this  is  not  a  through 
route,  nor  is  it  at  present  worked  regularly,  since  the 
Peruvian  Government,  in  their  official  guide,  give  the 
sea  route,  by  the  straits  of  Magellan,  as  the  way  to  reach 
Peru  from  the  coasts  of  Brazil. 

This  enterprise  shows  some  activity  on  the  part  of  the 
authorities  in  Peru,  and  the  great  natural  wealth  of  the 
country,  the  remarkable  extent  and  nature  of  the  great 
waterways  concerned,  and  the  importance  of  some  of  the 
products  of  that  region  deserve  some  notice  from  those 
who  are  accustomed  to  keep  an  eye  on  the  less  exploited 
regions  of  the  world. 


Enterprise  and  Technical  Education. 

Messrs.  Handyside,  makers  of  steel  bridges,  roofs 
buildings,  etc.,  of  Derby,  in  order  to  encourage  their 
apprentices,  have  arranged  to  pay  half  the  fees,  and 
purchase  the  necessary  instruments  and  books,  for  all 
their  apprentices  who  attend  evening  classes  at  the 
Derby  Technical  College,  in  approved  subjects,  for  a  term 
of  three  years.  .Apprentices  who  pass  the  prescribed 
examinations,  will  receive  increased  wages,  and  will  be 
allowed  to  retain  the  instruments  purchased  for  them. 


In  a  letter  to  the  Times,  Mr.  J.niies  D.  Legaul, 
Chairman  of  the  Technical  Instruction  Committee,  N'.R., 
Yorks  County  Council,  points  out  that  some  of  the  great 
ironinasters  in  Middlesbrough,  and  in  tlie  Cleveland 
district  of  North  Yorkshire,  have  agreed  to  give  their 
apprentices  one  day  off  in  the  week  without  counting 
it  loss  of  time,  and  also  to  pay  half  their  fees,  to 
enable  them  to  attend  day  classes  in  science.  The 
county  borough  of  Middlesbrough  and  the  county 
council  01  the  Xorth  Riding  of  Yorkshire  have  agreed 
to  pay  the  other  half  of  the  fees  of  these  pupils, 
who  therefore  are  able  to  get  this  instruction 
free.  The  classes  have  been  established  by  the 
governors  of  Middlesbrough  High  School,  and  are 
held  throughout  the  year.  The  subjects  of  instruction 
include  applied  mechanics,  practic.d  m.athematic^,  and 
steam. 

It  is  observed  tliat  evening  classes  in  these  subjects 
have  long  been  available,  but  it  is  found  that  after  a  long 
day  in  the  shops,  or  the  drawing  office,  a  young  man  is 
hardly  physically  capable  of  taking  advantage  of  this 
method  of  instruction.  The  present  plan  is  in  all  wavs 
preferable. 


Successful  Exhibits. 

-At  the  DUsseldorf  Exhibition,  the  Lahmeyer  Electrical 
Company,  iiad  .some  15,000  h.p.  of  electrical  plant 
running.  We  are  informed  that  they  received  the  highest 
award,  viz.,  the  large  Gold  Slate  Medal  and  the  Ciold 
Exhibition  .Medal,  for  their  m.ichines  in  almost  every 
group. 

D.  Stewart  and  Co.  (1902),  Ltd. 

The  business  and  works  of  D.  Stew.ut  and  Co.,  Ltd., 
have  been  taken  over,  as  at  9th  June,  ic)o2,  hv  a  new 
company,  w'hich  has  been  registered  under  the  title  of 
U.  Stewart  and  Company(ic)02l,  Ltd.  Mr.  Willi.im  Be.ud- 
more,of  Parkhe.id  Forge.  Rolling  Mills  and  Steel  Works, 
Gl.isgow,  i.,  Ch. linn, in  01   Directors. 


A  Notable   Winding   Engine. 

The  vertical  winding  engine  >Iio\vn  in  the  [Mioto  w'as 
one  of  the  most  prominent  exhibits  at  the  Diisseldorf 
Exhibition.  If  w.is  built  by  the  I'rinz  Rudolf  Ironworks 
Company,  of  Dulmen,  for  the  Preussen  II.  colliery  of  the 
Harpener  Bergbau  Gesellschalt,  and  w\is  designed  by 
Dr.  E.  Tomson,  .the  general  manager  of  the  Harpener 
Bergbau  (Jesellschaft.  The  spiral  rope  drum's  liave  their 
cones  turned  in  opposite  directions  ;  this  enabling  the 
shafts  to  be  kept  to  moderate  dimensions.  The  engine  is 
an  inverted,  vertical  tw^o-cylinder  compound  of  the 
marine  type,  and  is  connected  to  the  drums  by  unequal 
armed  rocking  beams  and  connecting  rods,  giving  a 
crank  throw  of  about  two-thirds  the  piston  stroke.  The 
main  dimensions  are  as  follows  : — 

High  pressure  cylinder,  S50  millimetres  diameter  by 
2,600  millimetres  stroke. 

Low-pressure  cylinder,  1,150  inilliinctres  diameter  by 
2,6go  millimetres  stroke. 
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Boiler  pressure,  12  almosplieres. 

Diamclers  of  dniiiis,  5,500  inilliiiicln.s  lo  10,000  milli- 
inclrcs. 

Total  width  of  each  drum,  3,51^  inilhinetres  ;  horizontal 
part,  350  millimetres  wide. 

Maximum  windiiif>  depth,  1,300  inillimelres. 

Average  wiiidinj;  speed,  10  metres  per  second. 

With  a  rope  speed  of  12  metres  per  second  the  enj;ine 
runs  at  2H2  revolutions  per  minute,  which  equals  a  piston 
speed  of  400  ft.  per  minute.  The  drum  shafts  are 
050  millimetres  diameter,  with  500  millimeties  journals, 
an  overhanging  weif^ht  heinj;  placed  in  the  centre  to 
counterbalance  the  reciprocatinj;  parts.  The  enj-ine 
wci|L;hs  in  all  about  470  tons,  and  covers  some  70  ft. 
by  40  ft. 

The  loads  the  engine  will  have  to  wind  from  the 
various  levels  arc  as  follows  :— 

From    Hon  metres,  H  tubs  carrying  KNcwt.  coal. 
„      1,000       „       (.    „  „       f/)    „ 

„      1,200        „       4     „  „       42     „        „ 


giving  an  hourly  output  of  iXo,  145,  and  125  tons  respec- 
tively, twenty  seconds  being  allowed  for  decking.  The 
pit-frame,  some  lOiift.  high,  which  is  to  be  used  with 
this  engine,  was  also  shown  at  the  e.\hihition,  and  was 
built  by  the  Humboldt  Kngineering  Works  Company,  of 
Kalk.  The  cages  weigh  4  tons,  and  the  rope  about 
10  tons,  giving,  with  eight  lo.tded  tubs,  a  load  of 
!«  tons  Kcwt.  from  the  bottom.  The  pit-frame  has 
Toinson's  improved  method  of  changing  all  four  decks  at 
once  on  to  hydraulic-balanced  cages,  these  cages  being 
discharged  during  the  next  winding. 

New  Destructor  Plants. 
Orders  for  a  destructor  plant,  to  deal  with  120  tons 
of  refuse  per  day,  have  been  placed  with  the  Horsfall 
Destructor  Company,  lAd„  by  the  Bradford  Corporation. 
The  same  company  is  also  providing  destructor  planl- 
for  Swansea  and  West  Hartlepool,  to  deal  with  75  and  '■ 
tons  respectively  per  diem.  The  West  Hartlepool  pl.m: 
is  an  extension  of  the  existing  "  Horsfall  "  destructor. 
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MONTHLY   NOTKS   ON    NAVAL    PROGRESS    IN    CONSTRUCTION    AND   ARMAMENT. 

BY 

N.  I.  D. 


'  I  *HE  two  questions  of  the  greatest  interest 
"*■  which  have  concentrated  the  attention 
of  naval  students  during  the  past  month  are 
those  which  concern  the  share  which  the 
Colonies  are  prepared  to  take  in  the  provision 
of  Imperial  defence,  and  the  future  training 
ot  the  naval  officer.  With  regard  to  the 
former,  the  proceedings  of  the  Colonial  Con- 
ference, which  have  now  been  issued,  are  full 
of  the  most  interesting  matter,  some  portion 
of  which  I  propose  to  refer  to  here.  On  the 
other  hand  it  is  somewhat  difficult  to  deal, 
except  in  the  most  cursory  manner,  with  the 
second  and  equally  important  problem — that 
connected  with  the  supply  and  training  of 
officers  for  the  Xavy. 

It  is  generally  known  at  the  time  of  writing 
that  the  Admiralty  have  in  contemplation  large 
changes  connected  with  the  entry  and  the 
co-ordination  of  the  various  branches  of  officers. 
It  may  be  that  the  official  scheme  will  be  made 
public  before  these  lines  appear  ;  for  the  present 
everything  is  a  matter  of  conjecture  and  specula- 
tion. What  we  may  be  quite  sure  of  is  that  the 
Board,  with  Lord  Selborne  at  its  head,  will  ha\-e 
given  due  consideration  to  the  vastness  and 
complexit}-  of  this  question,  so  intimatel}' 
associated  with  the  future  prosperity  of  the 
Navy  and  the  Empire.  We  have  heard  a  great 
deal  about  the  grievances  of  the  marine  engineers, 
the  officers  in  charge  of  the  engineering  depart- 


ment of  the  Navy.  Other  branches,  too,  have 
at  various  times  voiced  their  aspirations  and 
desires.  W'e  may  rest  assured  that  any  scheme 
which  has  for  its  basis  merely  the  gratification 
of  such  desires,  or  the  remedy  of  such  personal 
complaints,  cannot  be  an  adequate  solution  of 
the  problem.  What  is  wanted  is  something 
conceived  in  a  more  statesman-like  frame, 
something  showing  a  broad-minded  grasp  of 
the  essential  necessities  of  the  nation's  Navy. 
Such  legislation  must  be.  for  the  future,  tempered 
by  tactful  treatment  of  e.xisting  personal  and  pro- 
fessional feelings  and  sentiments.  A  common 
entry  (preferabh-  by  nomination),  a  common 
educational  basis  of  culture,  a  common 
tiliita  muter — these  things  will  tend  to  remove 
distinctions  and  jealousies  which  have  existed 
in  the  past.  Upon  such  a  foundation  we  maj- 
build  up  a  technical  education  such  as  the 
scientific  improvements  and  developments  of 
to-day  imperatively  demand,  while  conserving 
all  that  portion  of  the  training  which  the 
experience  of  generations  demonstrates  as  essen- 
tial to  the  production  of  the  self-reliant,  respon- 
sible, and  resourceful  seaman  of  to-day. 

In  this  connection  I  may  quote  from  the  speech 
of  that  ardent  reformer  and  capable  public 
servant,  Mr.  Arnold  Forster,  the  Financial 
Secretar\-  to  the  Admiralty,  who,  speaking 
at  the  Guildhall  Banquet  on  November  nth, 
said  : — 
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He  hoiicilly  bclicvcil  llial  in  no  dcparlniciit  of  the 
Stale  was  a  liinlicr  and  nobk-r  quality  of  service  rendered 
than  in  the  Navy.  If  he  were  asked  in  what  he  thou|{ht 
the  chief  and  most  excellent  distinction  of  the  naval 
service  lay,  he  would  say  thai  it  was  in  the  traditions  of 
thoroughness  of  work,  of  zeal  displayed  without  the 
stimulus  of  immediate  reward,  or  the  desire  for  public 
approbation  ;  and,  above  all,  in  the  extraordinary  loyally 
of  naval  oflicers  to  their  own  service,  and  the  wholesome 
feeling  of  comradeship  which  made  every  officer  speak 
well  of  his  brother,  and  dwell  rather  on  his  merits  and 
successes,  however  small,  than  upon  his  faults  and 
failures,  however  marked.  He  Ihoujjht  it  was  impossible 
to  exaggerate  the  value  of  those  traditions,  and  of  this  he 
was  Certain,  th.it  any  change  which  tended  to  diminish 
their  force  or  to  discount  their  value  would  be  disastrous 
to  the  Navy  and  to  the  country  which  it  served.  Changes 
there  must  be  from  time  to  time,  but  he  believed  the 
Admiralty  was  fully  alive  to  the  truth  that  no  change 
which  failed  to  take  into  account  the  best  feelings  and 
traditions  of  the  N.ivy,  and  which  did  not  seek  to  extend 
their  enjoynient  to  all  who  served  in  the  fleet,  could  be  a 
wise  one,  or  henelicial  to  the  service. 

One  of  the  most  important  results,  from  a 
naval  point  of  view,  of  the  recent  Colonial 
Conference  is  that  an  increase  in  the  number  of 
modern  men-of-war  maintainefl  in  commission 
will  have  been  promoted  by  the  aid  of  British 
subjects  in  the  dominions  beyond  the  seas. 
There  is  also  a  larger  and  wider  appreciation 
throughout  the  Empire  of  the  peculiar  charac- 
teristics of  naval  warfare,  and  of  the  fact  that 
those  local  considerations,  which  find  their 
natural  place  in  military  organisations,  are 
inapplicable  to  naval  organisation.  And. 
further,  we  have  the  establishrhcnt  of  a  branch 
of  the  Royal  Naval  Reserve  in  the  Colonies, 
notably  in  Newfoundland.  In  Australia  and 
New  Zealand  a  great  step  has  been  made  in 
connection  with  the  matter,  for  it  has  been 
agreed  that  if  possible  one  of  the  ships  of  the 
Australian  scjuadron  in  j^ermanent  commission 
shall  be  manned  l)y  Australians  and  New 
Zealanders,  under  officers  of  the  Royal  Navy, 
and  that  ten  cadctships  in  the  Royal  Navy 
shall  be  given  annually  in  Australia  and  New 
Zealand.  Perhai)s  the  most  imjiortant  docu- 
ment which  is  to  be  found  in  the  ])apers  relating 
to  the  Colonial  Conference  is  a  memorandum 
which  has  been  prepared  by  the  Admiralty  on 
sea  jKJwer  and  the  iirincijilcs  involved  in  it. 
This  memorandum  I  recommend  to  the  attention 
of  the  readers  of  these  Notes.  The  following 
points  may  be  said  to  contain  the  keynote  of 


our  naval  jwlicy  in  its  connection  with  Imperial 
defence  : — 

The  importance  which  attaches  to  the  command  of  the 
sea  lies  in  the  control  which  it  gives  over  sea  connnuni- 
cation.  The  weaker  sea  Power  is  absolutely  unable  to 
carry  to  success  any  large  military  expedition  over  sea. 
•  The  truth  of  this  is  shown  by  reference  to  the  history  of 
the  past.  On  the  other  hand,  the  advantages  which 
accrue  to  the  stronger  sea  Power,  after  it  has  won  the 
command  of  the  sea,  are  equally  illustrated  by  historical 
example.  The  command  of  the  sea  is  determined  by 
the  result  of  great  battles  at  sea. 

To  any  naval  Power  the  destruction  of  the  lleet  of  the 
enemy  must  always  be  the  great  object  aimed  at.  It  is 
immaterial  where  the  great  battle  is  fought,  but  wherever 
it  may  t.ike  place,  the  result  will  be  felt  Ihrcjughout  the 
world,  because  the  victor  will  afterwards  be  in  a  position 
to  spread  his  force  with  a  view  to  capturing  or  destroying 
any  iletached  forces  of  Ihe  enemy,  and  generally  to 
gather  the  proofs  of  victory,  in  the  shape  of  outlying 
positions  in  his  possession,  his  shipping  and  commerce, 
or  even  to  prosecute  over-sea  campaigns. 

Slrc-s  is  laid  on  the  importance  of  the  great  battle  for 
supremacy,  because  the  great  development  of  the  navies 
of  France,  Germany,  the  United  Slates,  and  Russia,  in- 
dicates the  possibility  that  such  battles  may  have  to  be 
fought  in  the  future.  It  is  the  battleships  chiefly  which 
will  have  to  be  concentrated  for  the  decisive  battle,  and 
arrangements  must  be  made  with  this  object  during  peace 
Our  possible  enemies  are  fully  aw.arc  of  the  necessity 
of  concentrating  on  the  decisive  points.  They  will 
endeavour  to  prevent  this  by  threatening  our  detached 
squadrons  and  our  trade  in  different  ipiarlers,  and  thus 
obliging  us  to  make  further  detachments  from  the  main 
fleets.  All  these  operations  will  be  of  secondary  import- 
ance, but  it  will  be  necess.iry  that  we  should  have 
sufficient  power  available  to  carry  on  a  vigorous  often 
sivc  against  the  hostile  outlying  squadrons,  without 
unduly  weakening  the  force  concentrated  for  Ihe  decisive 
battle,  whether  in  Europe  or  elsewhere. 

The  immense  importance  of  the  principle  of  concentra- 
tion, and  the  facility  with  which  ships  and  squadrons  can 
be  moved  from  one  part  of  the  world  to  another,  iioints 
to  Ihe  necessity  for  a  single  navy,  under  one  control,  by 
which  alone  concerted  action  bclwcen  the  several  parts 
can  be  assured. 

In  the  foregoing  remarks  the  word  defence  does  not 
appear.  If  is  omitted  advisedly,  because  the  primary 
object  of  the  British  Navy  is  not  to  defend  anything,  but 
to  attack  the  llects  of  the  enemy,  and,  by  defeating  them, 
to  afford  protection  to  Uritish  dominions,  shipping,  and 
commeicc.  This  is  the  ultimate  aim.  The  traditional 
lolt-  of  the  Uritish  Navy  is  not  to  act  on'  the  defensive, 
but  to  prepare  to  allack  Ihe  force  which  threatens— in 
other  words,  to  assume  the  offensive.  The  strength  and 
composition  of  the  British  Navy,  or  of  any  Uritish 
squadron,  depends,  therefore,  upon  the  strength  and 
composition  of  the  hostile  forces  which  it  is  liable  to  meet 

It  would  be  most  unfortunate  if  the  idea 
should  ])revail  that  the  jiroblem  is  one  of  local 
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defence,  and  that  each  part  of  the  Emjtire  or 
each  coast  town,  whatever  might  be  its  impor- 
tance, can  be  content  to  have  its  allotment  of 
ships,  for  tlie  piirjjose  of  the  sejiarate  j)rotection' 
of  an  individual  spot,  the  result  of  which  could 
only  be  disastrous.  Both  at  home  and  in  the 
Colonies  it  is  necessary  to  arouse  a  sense  of 
personal  interest  and  of  personal  possession  in 
the  Imperial  Navy — a  feeling  that  the  protection 
of  our  interests,  our  commerce,  and  our  dominions 
is  an  affair  of  ocean  strategy,  not  one  of  station- 
ing ships  here  and  there  to  soothe  the  apprehen- 
sions of  every  coast  town  that  may  seem  open 
to  attack.  As  Lord  Selborne  has  said,  the  sea 
is  all  one,  and  the  British  fleet  must  be  all  one, 
controlled  by  one  authority  witli  full  power, 
and  full  responsibility,  guided  by  but  one  idea — 
that  the  task  of  the  Navy  in  war  time  must  be 
to  seek  out  the  ships  of  the  enemy  wherever  they 
are  to  be  found  and  to  destro}'  them. 

GREAT     BRITAIN. 

Another  of  the  battleships  of  the  programme 
of  1898-1900  has  now  made  her  trials.  This  is 
the  Duncan, which  was  built  by  the  Thames  Ship- 
building Company  and  was  delivered  at  Chatham 
to  be  completed.  During  her  full-power  trials, 
the  mean  speed  on  five  nms  on  the  measured 
mile  was  19-11  knots.  On  that  occasion  the 
draught  of  water  forward  was  26  ft.  2  in.  and 
aft  26  ft.  II  in.  The  steam  pressure  in  the 
boilers  was  291  lb.  per  square  inch,  and  the 
vacuum  in  the  starboard  condensers  was 
25-4  in.,  and  in  the  port  condensers  26'5  in. 
The  starboard  revolutions  were  I20'5,  and  the 
port  revolutions  121. 1  per  minute.  The  star- 
board engines  had  an  i.h.p.  of  9,196,  and  the 
port  9,036,  a  total  i.h.p.  of  18,232,  with  a  speed 
IV  patent  log  of  18-9  knots.  The  Duncan  is 
now  to  be  prepared  for  commission  at  once. 

Information  has  been  published  in  reference 
to  the  makers  of  the  engines  and  boilers  of  most 
of  the  ships  for  the  igoi-03  programmes.  Some 
of  this  information  has  already  appeared  in 
these  Notes,  but  it  may  be  as  well  to  give  it  as 
a  whole.  Of  the  five  battleships,  the  King 
Edward  VII.,  building  at  Devonport,  will  have 
her  machinery  sujiplied  by  Messrs.  Harland  and 
Wolff,  and  her  boilers  will  be  four-fifths  Babcock 
i.d    Wilco.x    and    one-fifth    cylindrical  ;      the 


CommonuTidnrfrywXiiinghy  the  Fairfield  Company, 
will  have  Ijer  ■enginesmadeby-tlie  same  firm, 
and  will  be  snpphed  with  Babcock  and  Wileox 
boilers.  Jhe.  Dominion  is 'ta.'bq'"  supplied  with 
machinery  by  ,her  builders,  Messrs.  '  Vickers, 
Sons  and  JVIa.xim,  and.  'vvilT  also)  have- JJabcock 
and  \N\^iy:^ii\\^.y---jh&NeiiZcalamC  tei"  be 
built  aw^TrfsStDinR,.-WilJ  liaVr*  her  oiacIiiinTv 
suppliedr',  M'--i-.  Ill;':  ■■  :i  ,  1  <  niuiiji  .n  .  1  .,  , 
and  will  ]ia\e  luur-nulis  N'  Iio:lc-i>^aiKl- 

one-fifth  cylindrical ;   the  //  ,'  '^V^fflHttkiii. 

her  machinery  supplied  by  the  builders,  Messrs. 
John  Brown  and  Co.,  and  will  have  four-fifths 
Babcock  and  Wilcox  and  one-fifth  cylindrical 
boilers.  Some  interesting  details  about  the 
fittings  of  these  boilers  were  given  in  our  Monthly 
Resume  for  November.  AU  these  five  battle- 
ships will  have  a  displacement  of  16,500  tons, 
and  a  speed  of  18-5  knots,  the  engines  being  of 
18,000  i.h.p.  The  vessels  will  be  armoured 
throughout,  the  heavier  guns  consisting  of  four 
i2-in.  pieces,  carried  in  pairs  in  turrets  fore  and 
aft.  The  secondary  armament  of  ten  6-in.  guns 
will  be  enclosed  in  a  central  battery,  separated 
by  armoured  screens,  but  not  placed  in  case- 
mates. Each  vessel  will  have,  however,  four 
9'2-in.  guns  mounted  in  turrets  at  the  four 
upper  angles  of  the  citadel,  two  having  a  forward 
fire  and  two  a  fire  aft.  These  vessels  will  there- 
fore be  able  to  fire  right  forward  with  two  12-in., 
two  9-2  in.  and  two  6-in.  guns,  and  the  fire 
astern  will  be  similarly  formidable. 

In  the  Naval  Notes  for  last  month  the  manner 
in  which  the  armoured  cruisers  of  the  Devonshire 
class  are  to  be  boilered  was  described.  The 
machinery  of  these  vessels  will  in  three  cases 
be  supplied  by  the  builders  :  but  the  Devonshire 
will  get  her  machinery  from  the  Thames  Ironworks 
Company,the  Carnarvon  from  Messrs.  Humi)hr  \?s, 
Tennant  and  Co.,  and  the  Hampshire  from  Messrs. 
Hawthorn,  Leslie  and  Co.  In  regard  to  these  six 
vessels  it  is  officially  stated  that  their  armour 
was  provisiomilly  ordered  on  August  iSth  last, 
and  the  orders  were  confirmed  on  September  3rd. 
the  manufacture  of  the  armour  being  commenced, 
therefore,  just  eighteen  months  after  it  was 
announced  that  the  vessels  would  be  built. 

Of  the  two  armoured  cruisers  of  the  1902-03 
jjrogramme,  one  is  to  be  built  at  Pembroke  and 
the  other  by  contract.     Specifications  for  the 
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lattfer  have  been  sent  to  the  shipbuilders. 
These  vessels  will  have  a  displacement  of  13,000 
tons.  They  are  to  carry  ga-guns.  and  the 
anticipated  sjieed  is  22  knots,  obtained  with 
engines  of  24,000  i.h.p. 

In  a  previous  issue  we  referred  to  four  vessels 
of  a  new  class  and  type,  which  were  included  in 
the  1902-03  programme.     When  destroyers  were 
first   designed,    it   was   not   contemplated   that 
they    would     be     frequently    used    otherwise 
than  as  working  from  a  ti.xed  base.     Experience, 
however,  has  shown  that  vessels  with  greater 
sea-keeping    power    are    required    for    service 
with  fleets,  and  the  new  vessels  will  therefore 
have  a  separate  and  distinct  function,  that  of 
acting  as  scouts.     Their  armament  will  enable 
them  to  deal  with  destroyers,  or  other  small 
craft  with  which  they  ma>-  come    in  contact, 
but    they    are    not    intended    to    fight    heavier 
vessels,  the  imiwrtance  of  carrying  their  news 
being  deemed  to  outweigh  tlie  value  of  a  victor\'. 
The  private  shipbuilders  of  the  country  were 
invited  to  submit  designs  for  these  vessels,  and. 
subject    to   certain    modifications,   ordei-s   have 
now  been  placed  for  four  of  them.     One,  to  be 
built  bv  Elswick,  will  have  her  machinery  sup- 
plied by  Sir  W.  G.  Armstrong.  Whitworth  and 
Co.,  and  will  be  provided  with  modified  boilers. 
A  second  will  be  built  by  the  Fairfield  Company, 
who  will  also  supply  her  machinery,  the  boilers 
being  of  the  Fairfield  small  water-tube  tyj)e.     A 
third   will    be    built    and   engined   by   Messrs. 
Vickers,    and    supplied    with  Vickers'   Express 
boilers.     The    fourth    will    be    constructed    by 
Messrs.    Laird    Bros.,    the     machinery    being 
supplied  bv  the  same  firm,  and  the  lx)ilers  being 
of  the  Laird-Xormand  type.     The  coal  carried 
at  the  normal  displacement  is  165  tons,  but  the 
full  supply  will  run  to  380  tons,  which,  at  a  speed 
of  from  ten  to  twelve  knots,  should  give  them  a 
radius  of  action  of   about   3,000  miles.     The\- 
will   be  built  of  sufficient  length,  and  will  be 
provided  wth  forecastles,  thus  ensuring  good 
sea-keeping   capacity.    Thc\'   are    designed    to 
maintain  the  guaranteed  full  speed  of  25  knots 
under   ordinary   conditions    of   weather.      The 
armament    comprises    six    12-pounder    quick- 
firing   guns — two   on   the   forecastles,   two   aft, 
and    two    amidships ;     eight    3-pounder   quick- 
firuig  guns— four  on  each  broadside  ;    and  two 
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i8-in.  above- water  torpedo-tubes.  Protection 
will  be  afforded  by  a  steel  deck,  varying  in  thick- 
ness from  I  in.  to  li  in.,  worked  into  the  vessel 
from  end  to  end,  and  slojied  so  that  the  outer 
edge  falls  below  the  normal  water-line.  The 
exact  dimensions  of  these  vessels  and  their 
tonnage  apjiear  to  be  uncertain,  but  they  will 
probably  be  about  350  ft.  in  length  and  have  a 
displacement  of  between  two  and  three  thousand 
tons. 

FRANCE. 

The  French  Naval  Budget  for  1903  has  been 
laid  before  the  Chamber.  The  total  amount  is 
the  same  as  that  for  the  previous  year,  namely, 
306,798,738  francs.  There  is  a  diminution  of 
expenses  for  the  maintenance  of  squadrons  at 
sea  and  for  the  Admiralty,  but  there  is  a  large 
increase  in  the  charges  for  new  construction, 
particularly  for  work  in  private  \-ards.  There 
is  also  an  increase  in  the  sum  required  for  naval 
works.  The  reduction  in  the  charges  for  the 
fieet  at  sea  follows  from  a  new  arrangement  by 
which  the  squadron  is  supplied  with  reduced 
complements.  This  plan  has  already  been  tried 
in  the  Northern  Squadron,  and  it  is  now  being 
adopted  in  the  Mediterranean,  much  against 
the  advice  of  French  naval  officers. 

In  reference  to  the  charge  brought  against 
M.  Pelletan,  of  delaying  the  construction  of 
some  of  the  principal  ships,  such  as  the  Patrie, 
Justice,  Liberie,  and  Veritc,  the  Minister  of 
Marine  has  explained  to  the  Budget  Committee 
that  his  reason  for  countermanding  the  con- 
struction of  these  battleships  was  that  naval 
expenditure  had  already  exceeded  the  estimates 
by  15.000.000  francs,  and  that  a  similar  dis- 
crepanc\-  might  be  expected  next  year.  He 
urged  the  impossibility  of  ordering  constructions 
for  which  the  money  had  not  been  voted,  but 
assured  the  Committee  that  the  work  on  the 
two  battleships  at  Nantes  and  Bordeaux  would 
not  be  suspended.  W'itli  regard  to  the  RepiMiqiie, 
the  type  of  boilers  with  which  she  is  to  be  supplied 
has  not  \et  been  decided  ;  but  as  this  vessel  is 
not  to  be  finished  until  1906  there  is  plenty  of 
time  for  making  a  decision  before  then.  It  is 
not  intended  to  make  :in\-  change  with  recard 
to  her  armament. 

As    regards    armoured    cruisers,    the    hnwsl 
Renait.  a   sister-ship   to   the  Jides  Michdet.  is 
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now  under  CDnstruction  at  St.  Nazairc  ;  but  it 
is  stated  that  her  plans  are  to  be  comjiletely 
rearranged,  with  consequent  loss  of  time. 
This  delay  in  the  completion  of  the  ]irogramme 
has  also  given  rise  to  a  protest  against  the  polic}' 
of  -M.  Pelletan. 

Rear-Admiral  Dupont,  writing  in  the  Gaiilois, 
\ery  harshh"  criticises  the  recent  creation  of  a 
body  of  administrators  of  the  Inscription 
Maritime.  Thus,  he  says,  is  formed  a  corps  of 
civil  functionaries  who  will  be  the  creatures  of 
the  Ministry,  and  will  end  by  being  a  burden  to 
the  ta.xpaj'ers.  In  other  quarters  it  is  alleged 
that  a  state  of  chaos  reigns  in  the  Rue  Royale. 

As  regards  the  submarines,  M.  Pelletan  has 
stated  that  he  is  not  in  favour  of  reducing 
their  tonnage,  although  he  believes  with  Admiral 
Aube  that  boats  of  30  tons  would  be  useful  in 
certain  circumstances.  He  is  in  favour  of 
increasing  the  size  of  these  boats  where  a  large 
radius  of  action  is  essential,  but  orders  for 
larger  vessels  cannot  be  given  until  the  most 
suitable  types  have  been  decided  upon.  There 
has  been  much  delay  in  the  construction  of  the 
thirteen  submarines,  and  the  building  of  others 
has  been  greatly  retarded.  It  is  alleged  that  there 
are  at  present  twenty  submarines  in  course  of 
construction  at  Cherbourg,  Rochefort,  and 
Toulon.  These  were  ordered  in  April,  1901, 
and  should  have  been  ready  for  trials  at  th.e 
end  of  this  j'ear,  but  owing  to  the  delay  in 
ordering  the  electric  accumulators  which  supply 
the  motors,  the  craft  will  not  now  be  ready. 

The  experiment  of  launching  the  Kkoer,  fully 
equipped  with  her  masts,  gims,  engines,  and 
boilers  in  place,  is  stated  to  have  been  most 
unsatisfactory,  and  calculated  to  lead  to  further 
expense.  It  is  feared  that,  owing  to  the  tre- 
mendous weight,  the  sides  of  the  vessel  have 
been  badly  strained,  and  the  whole  construction 
weakened. 

GERMANY. 

The  delivery  trials  of  the  new  battleship 
Wctlin  were  satisfactorily  accomplished  in 
August.  The  vessel  has  a  displacement  of 
11,900  tons,  and,  with  an  i.h.p.  of  15,000,  has 
developed  a  speed  of  19  knots.  The  construction 
was  undertaken  by  Schichau,  of  Dantzig,  and 
only  occupied  thirty-four  months.  In  this 
connection  a  rather  interesting  comparison  is 


given  in  the  M arine-Rundschau  of  the  time  taken 
to  build  the  ships  of  the  Kaiser  class,  which 
have  a  displacement  of  700  tons  and  engines  of 
21,000  i.h.p.  less  than  the  Wctlin.  The  Kaiser 
Wilhdni  II.,  built  at  the  Imperial  Yard,  Wil- 
helmshaven,  took  forty-one  months  to  build  ; 
the  Kaiser  "Wilhelm  der  Grnsse,  at  the  Germania 
Yard,  Kiel,  took  thirty-nine  months ;  the 
Kaiser  Karl  der  Grosse,  built  by  Bruhm  and 
Boss,  of  Hamburg,  also  took  thirty-nine  months  ; 
and  the  Kaiser  Barbarrossa,  built  by  Schichau, 
took  thirty-three  months  to  construct.  At  the 
trials  of  the  Wettiii  in  October  some  trouble 
occurred  owing  to  the  giving  way  of  the  supports 
for  the  heavy  guns,  and  the  vessel  had  to  return 
to  port  for  repairs.  It  is  stated  that  the 
WiUlesbach  Zahringen  and  the  Wettin  will  be 
commissioned  early  next  year,  and  that  as  the 
remainder  of  these  ships  hoist  the  pennant  the 
ships  of  the  Brandenburg  class  will  be  withdrawn 
in  order  to  go  through  a  similar  process  of 
modernising  to  that  which  the  Worth  is  already 
undergoing  at  Wilhelmshaven. 

The  new  division  of  deep-sea  torpedo-boats, 
building  by  Schichau  at  Elbing,  is  so  far  ad\-anced 
that  the  first  boat  is  now  ready  for  commission. 
These  boats  will  be  numbered  S114  to  S119. 
Another  similar  scheme  of  construction  is  to 
be  put  in  hand  next  year,  but  the  building  and 
cost  of  these  will  figure  on  the  programme  for 
1904. 

RUSSIA. 

Progress  has  been  made  upon  several  of  the 
smaller  cruisers  of  the  Russian  Navy.  The 
Boyarine,  launched  at  Copenhagen  on  June  8th, 
1901,  is  to  be  delivered  to  the  Russian  authorities 
immediately.  The  Otchakoff,  building  at  Sevas- 
topol, was  launched  on  October  4th,  in  the 
presence  of  the  Tsar.  Her  dimensions  are  as 
follows ;  Length  over  all,  439  ft.  jh  in.  ; 
length  on  the  water-line,  433  ft.  5^  in.  ;  beam, 
54  ft.  5J  in.  ;  draught,  fully  loaded,  20  ft.  7J  in.  ; 
displacement,  6.570  tons.  The  engines  arc  of 
19,500  i.h.p.,  and  will  be  supplied  with  steam 
by  sixteen  Normand  boilers.  The  speed  antici- 
pated is  33  knots.  The  normal  bunker  capacity 
is  720  tons,  the  full  capacity  1,100  tons.  The 
thickness  of  the  armoured  deck  will  vary  from 
J  in.  to  2|  in.,  and  her  casemates  \vill  be  pro- 
tected by  3i-in.  and  her  turrets  by  5-in.  plates. 
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The  armament  will  consist  of  twelve  6-in.  guns, 
four  in  turrets,  four  in  casements,  and  four  with 
shields ;  twelve  2<)5-in.  gims ;  six  i-85-in. 
guns ;  and  two  submerged  torjiedo-tulies. 
She  was  begun  on  March  7th.  1901. 

The  Alma,  building  at  the  Baltic  Yard.  St. 
Petersburg,  rccentlv  had  the  ceremony  of  the 
Zakladka  performed  on  her  by  the  Tsar.  This 
consists  in  the  j)lacing  of  a  silver  plate  or  tablet, 
and  only  takes  place  after  a  considerable  portion 
of  the  ship's  hull  has  been  armour-plated.  The 
Alma  was  laid  down  on  May  6th  last  year,  and 
the  ceremonv  of  the  Zakladka  took  jilace  on 
September  25tli.  The  dimensions  of  the  vessel 
will  be  as  follows  :  Length  over  all.  363  ft.  : 
length  between  perpendiculars.  325  ft.:  beam. 
43|  ft.  ;  draught,  17J  ft.  ;  displacement, 
2,385  tons.  The  engines,  of  7.500  h.p..  will  be 
supplied  with  steam  by  sbcteen  BeUevilie 
boilers,  the  anticipated  speed  being  19  knots, 
and  the  normal  coal  capacity  560  tons.  The 
armament  will  consist  of  2C)5-in.  and  i-85-in. 
guns. 

The  Kniaz  Soiivaroii  battleship,  which  was 
laid  down  in  Sejitember,  1901,  was  launched  in 
the  presence  of  the  Tsar  on  September  25th.  at 
the  Baltic  Works,  St.  Petersburg.  The  length 
of  this  vessel  over  all  is  398  ft.  ;  between 
perpendiculars,  367^  ft.  ;  beam,  76  ft.  ;  draught. 
26  ft.  ;  and  her  displacement  is  13,516  tons. 
The  engines,  of  15,800  i.h.p.,  are  to  be  supplied 
with  power  from  twenty  Belleville  boilers,  and 
the  anticipated  speed  is  18  knots.  Her  normal 
coal  capacity  is  1,250  tons.  On  November  ist 
the  Tsar  also  performed  the  ceremon\-  of 
Zakladka  on  the  battleship  Slava,  at  the  Baltic 
Yard,  St.  Petersburg.  She  belongs  to  the  same 
class  as  the  Kniaz  Soiivaroff,  the  Alexander  III.. 
the  Borodino,  and  the  Orel. 

The  France  Militaire  states  that  the  official 
trials  of  the  armoured  cruiser  Bayan  took  place 
at  Toulon  on  October  28th.  The  engines 
developed  17,400  i.h.p.,  and  the  S|)eed  attained 
was  21  kiKits.  the  trials  being  considered  satisfac- 
tory. 

JAPAN. 

It  has  been  announced  from  Yokohama  that 
a  new  programme  of  naval  construction  has 
been  decided  u|)on,  to  extend  over  a  period  of 
six    years.     It    is    said    that    the    scheme    will 


involve  an  annual  expenditure  of  about 
fi.ooo.OQo.  the  total  exjienditure  reaching 
/12. 000. 000.  Four  battleships,  six  armoured 
cruisers,  and  several  smaller  vessels  are  com- 
prised in  the  programme,  and  the  whole  will 
have  an  aggregate  displacement  of  120.000  tons. 
It  is  stated  that  the  four  battleships  will  be 
built  in  England,  the  cruisers  in  France.  Ger- 
manv  and  England,  and  the  smaller  vessels  in 
Japan.  It  is  also  reported  that  the  carrying  out 
of  the  scheme  adopted  is  to  be  spread  over  ten 
vears,  from  1904,  and  will  provide  only  for 
three  battleships,  three  armoured  cruisers,  and 
two  smaller  vessels. 

AUSTRIA-HUNGARY. 

The  trials  of  the  Austrian  battleship  Hnpshurg, 
which  recently  took  place  at  Pola.  were  interest- 
ing, inasmuch  as  the  results  obtained  constitute, 
it  is  believed,  a  speed  record  for  vessels  of  similar 
class  and  displacement.     The  Hapsbiirg  is  the 
tirst  \essel  of  the  class  completed  b\-  the  Austrian 
Government,   her  sister  ships   the   Arpad  and 
Babenhcrg.  being  now  in  course  of  construction. 
The  following  are  the  leading  dimensions  of  the 
vessel,   machinery,   and  armament  :     Displace- 
ment, 8,340  tons :  length  between  perpendiculars, 
350  ft,  ;  beam,  65  ft.  :  mean  draught,  23  ft.  3  in., 
area    of    midshi.is    section    at    above    draught, 
1.324  square  feet.     The  propelling  machinery  is 
of  the  twin-screw  triple-expansion  type,  with 
inverted  engines,  having  four  cylinders  arranged 
in    manner   similar    to    those    fitted    on    board 
British     first-class      cruisers  :     High -pressure 
c\linders.  diameter.  29-9  in. :    mean  pressure, 
438    in.  :     low-pressure    (2),    56-3    in,,    with   a 
uniform  stroke  of  374  in.  ;   total  cooling  surface 
of  the  condensers.  15.000  square  feet  :  estimated 
revolutions    at    full    power.    135    per    minute ; 
propellers,  four-blade  type,  16  ft.  in  diameter, 
having    mean    pitch    of    16    ft.     The    steam- 
generating   plant   consists  of  sixteen   Belleville 
boilers  of  the  economiser  tyjie.  similar  to  those 
recently  fitted  to  the  battleships  and  cruisers 
in  our  Navy,  having  a  total  heating  surface  bf 
30.300  square  feet  and  grate  area  of  864  square 
feet ;    the  working  steam  pressure  at  boilers  is 
300  lbs.,  and  reduced  by  automatic  valve  to 
250  lbs,  at  main  engines.     The   total  weight  of 
machinerx-  complete  is  1.098  tons.     The  vessel 
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is  protected  by  means  of  an  armour  belt  for 
over  60  per  cent,  of  its  length,  the  spaces  beyond 
being  covered  by  heavy  armoured  deck  :  total 
weight  of  armour  carried.  2,250  tons.  The 
artillery  consists  of  three  24-centimetre  Krupp 
guns  40  calibres  in  length,  twelve  15-centimetre 
quick-firing  guns  40  calibres  in  length,  and 
twenty-four  quick-firing  guns  of  smaller  calibre. 
The  coal  capacity  is  800  tons,  which,  at  a  speed 
of  12  knots,  provides  for  steaming  a  distance  of 
3,600  knots.  The  conditions  of  trial  were  that 
a  mean  power  of  at  least  11,900  horse-power 
should  be  maintained,  and  the  vessel  should  be 
propelled  at  a  mean  speed  of  iSi  knots.  The 
speed  of  the  shfp  was  to  be  taken  during  the 
full-power  trial,  over  a  carefully-measured 
course  having  a  total  length  of  68  knots.  The 
actual  results  obtained  were  as  follows  :  Mean 
pressure  at  boilers.  285  lbs.  :  mean  pressure  at 
high-pressure  receivers,  224  lbs.  ;  mean  revolu- 
tions, I4i'47  per  minute :  vacuum,  26  in.  : 
indicated-horse-power,  14,942  :  mean  speed  for 
total  distance  of  68  knots,  19-62  knots. 

ARGENTINA. 

The  armoured  cruiser  Rivadavia.  of  the 
Garibaldi  type,  was  launched  at  Messrs.  Ansaldo's 
yard  at  Sestri  Ponente  on  October  22nd.  At 
the  ceremony,  Signer  Soliano,  of  the  Ansaldo 
firm,  stated  that  the  new  cruiser  is  not  a  copv  of 
the  Garibaldi  and  the  Cristobal  Colon,  but  a 
considerable  improvement  upon  them.  Her 
displacement  is  about  7,500  tons,  and  her  speed 
20  knots.  This  cruiser  and  another,  building 
at  the  same  \ard,  were  originally  named  the 
Gciicnil  Roca  and  General  Mitra,  they  are  now 
to  be  named  the  Bernardino  Rivadavia  and 
Mariano  Moreno. 


A  committee  has  been  appointed  to  consider 
the  proposals  to  build  what  will  practicalh"  be 
a  new  Spanish  fleet.  The  programme  consists 
of  ten  battleships,  of  13,000  tons  ;  six  to  ten 
cruisers,  of  3,000  tons,  six  torpedo  -  boat 
destroyers,  thirty  torpedo-boats,  twentv  gun- 
boats, and  some  other  vessels.  The  cost  of 
building  these  vessels  would  be  from  twenty  to 
twenty-four  million  pounds  sterling,  and  the 
cost  of  their  up-keep  would  raise  the  annual 
charge  for  the  Navj'  to  between  three  and  four 


millions.  It  is  stated  that  the  cruisers  Marques 
de  la  Ensenada  and  General  Valdes  have  been 
condemned  as  ineffective,  and  are  to  be  used 
for  torpedo  practice. 

UNITED     STATES. 

The  battleship  Maine  has  at  last'been  accepted 
by  the  Navy  Board,  after  a  revision  of  the 
report  of  her  trials,  when  it  was  discovered  that 
she  had  just  attained  the  desired  speed  of 
18  knots.  The  Board  state  that  the  working  of 
the  machinery,  both  main  and  auxiliary,  was 
satisfactory. 

Bids  for  the  construction  of  the  largest  battle- 
ship ever  projected  by  the  United  States  Vlavy 
have  been  accepted  from  the  Newport  News 
Company  with  a  bid  of  $3,990,000.  This  vessel 
will  be  named  the  Louisiana,  while  her  sister  ship 
the  Connsdicut.  will  be  built  at  a  navy  yard. 
These  vessels  were  more  fully  described  in  our 
October  issue. 

A  dispute  which  arose  among  the  members 
of  the  Navy  Board  about  the  construction  of  the 
armoured  cruisers  of  the  Tennessee  class  has  been 
settled  by  the  decision  of  the  Board  of  Construc- 
tion to  reduce  the  weight  of  machinery  in  these 
vessels  from  2.250  tons  to  2,060  tons.  The 
speed  is  not  to  be  less  than  2i'5  knots,  and  the 
h.p.  is  to  be  23,000.  The  vessels  of  this  class 
will  therefore  be  shortly  put  in  hand  when  the 
contracts  have  been  decided  upon.  It  is 
estimated  that  these  vessels  will  represent,  when 
in  commission,  an  expenditure  of  $6,000,000. 

The  annual  report  of  the  Chief  Constructor 
of  the  United  States  Navy  shows  that  the 
progress  made  upon  the  ships  in  hand  has 
been  far  from  satisfactory.  The  battleship 
Nebraska,  building  at  Seattle,  and  the  three 
armoured  cruisers  California,  Milwaukee,  and 
South  Dakota,  now  building  at  San  Francisco, 
have  been  delayed  by  the  non-delivery  of  steel 
consequent  upon  the  strikes.  The  battleships 
Missouri  and  Ohio,  and  the  four  monitors, 
Arkansas,  Florida,  Xerada  and  Wyoming,  have 
also  been  delayed,  chiefly  owing  to  the  inabihtv 
of  the  contractors  to  supply  the  armour. 

The  cruiser  Des  Moims,  which  was  launched 
from  the  yard  of  the  Fore  River  Ship  and 
Engine  Company,  Quinc\',  Mass.,  on  September 
20th  of  this  year,  is  progressing  rapidly. 


Ed.    C.    DE    SEGUNDO,    A.M.Inst.C.K. 

The  author  in  this  article  advances  the  argument  that  a  Refuse  Dcbtructor  must  be 
looked  upon  as  a  necessary  sanitary  appliance,  and  not  as  a  money-earning  machine. 
Nevertheless,  the  combustion  heat  of  refuse  may,  within  reasonable  limits,  be  profitably 
applied  even  for  purposes  requiring  a  steady  boiler  pressure. — Euitok. 


HE  disposal  of  refuse  can  be 
looked  at  in  two  ways, 
namely,  from  a  purely 
hygienic  point  of  view,  or 
from  what  might  be  termed 
a  utilitarian  point  of  view. 
As  long  ago  as  the  year 
1888  the  subject  of  refuse  disposal  in  towns  and 
cities  had  forced  itself  sufticiently  upon  the  atten- 
tion of  the  authorities  to  warrant  an  investigation 
of  the  whole  matter  by  the  Local  Government 
Board.  Colonel  Thomas  Codrington  was  in- 
structed to  report  upon  the  subject,  and  in 
the  course  of  time  presented  a  report  which 
was  not  only  highly  interesting  and  instructive, 
but  also  contained  some  valuable  information 
upon  what  has  recently  become  a  bone  of 
contention  amongst  certain  engineers,  namely, 
the  calorific  value  of  dust-bin  and  other  refuse. 
The  average  composition  of  refuse,  as  set  forth 
in  Colonel  Codrington's  report,  should  be  con- 
clusive evidence  to  any  impartial  minded  person 
that  the  only  thing  to  be  done  with  refuse  is 
to  burn  both  ii  and  its  products  of  combustion  in 
such  a  way  as  to  render  it  absolutely  innocuous, 
and  no  doubt  Colonel  Codrington's  investiga- 
tions did  very  much  to  bring  into  prominence 
what  is  known  as  a  "  Refuse  Destructor."     It  is 


not  a  very  happy  title  for  this  apparatus,  but 
in  spite  of  other  suggested  words  the  word 
"Destructor"  seems  to  have  stuck  to  any  appa- 
ratus— the  object  of  which  is  to  destroy  refuse 
by  burning. 

BURNING     VBRSLS     TIPPING. 

The  investigations  of  other  engineers  have 
placed  beyond  any  doubt  that  the  crude  methods 
of  dealing  with  the  refuse  of  towns  and  cities 
amount  in  some  instances  to  culpable  negligence 
nn  the  part  of  the  authorities.  Mr.  Francis 
Goodrich,  in  a  recent  article  on  this  subject, 
drew  attention  to  what  he  rightly  termed  a 
glaring  example  of  improper  refuse  disposal  in 
the  Isle  of  Wight,  near  Osborne.  It  appears 
that  about  three  miles  from  Osborne  House, 
and  literally  only  a  few  yards  from  a  road,  there 
is  a  heap  of  refuse  which  has  been  tipped  on 
this  spot  for  years  past.  In  another  article  on 
this  subject,  Mr.  Goodrich  draws  attention  to  the 
fact  that  over  eight  luiiidred  towns  and  villages 
in  England  and  Wales  alone,  with  populations 
of  2,000  inhabitants  and  upwards,  still  tip  their 
refuse,  and  appear  to  be  absolutely  apathetic  to 
the  risks  incurred  thereby.  On  the  outskirts  of 
a  large  and  important  town  in  Ireland  is  to  be 
found  a  heap  of  decomposing  refuse  in  such  a 
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condition  that  its  removal  would  be  not  only  a 
matter  of  considerable  ditliculiy,  but  would  be 
attended  by  grave  risks  both  to  those  who 
disturbed  the  matter  and  also  to  the  inhabitants 
of  the  town  in  question. 

It  would  seem,  indeed,  unnecessary  to  amplify 
instances,  although  the  researches  of  many 
careful  investigators  prove  beyond  all  possible 
doubt  that  apathy  on  the  part  of  the  authorities 
is  certainlv  more  the  rule  thm  the  exception. 

THE     COMMERCIAL     USE     OF     DESTRUCTORS. 

While  it  is  beyond  dispute  that  refuse  ought 
to  be  burnt,  it  is  only  natural  that  those  respon- 
sible for  its  disposal  should  inquire  carefully 
into  the  commercial  aspect  of  the  matter  ;  and 
at  quite  an  early  stage  in  the  comparatively 
young  history  of  refuse  destructors  the  builders 
of  destructors  sought  to  utilise  the  heat  of  com- 
bustion of  the  refuse  for  some  commercial 
purpose  in  order  to  minimise  the  costs  of 
destruction. 

The  commercial  possibilities  of  the  supply  of 
electrical  energj'  for  lighting  and  other  pur- 
poses soon  attracted  the  attention  of  municipal 
authorities,  and  in  many  cases  the  supply  of 
electric  energy  became  vested  in  their  hands. 
As  these  gentlemen  also  had  to  deal  with  the 
question  of  the  disposal  of  refuse,  it  was  no 
doubt  quite  a  natural  conclusion  for  them  to 
come  to,  that  if  refuse  in  being  burnt  evolved 
heat,  it  might  conveniently  be  used  for  the 
purpose  of  generating  electrical  energy. 
Naturally,  these  ideas  were  fostered  by  those 
interested  in  the  building  of  refuse  destructors, 
and  as  a  consequence  many  startling  claims 
were  made  for  the  calorific  value  of  town 
refuse  and  for  its  steam  raising  powers.  It 
would  be  invidious  to  mention  the  names  of 
workers  in  this  field.  They  have  been  many 
and  various,  and,  unfortunately,  as  no  standard 
conditions  were  adopted  for  tests  of  evapora- 
tion of  water  in  boilers  fired  by  refuse,  the 
results  obtained  as  to  the  amount  of  water 
evaporated  from  and  at  212  F.  have  varied 
between  quite  astonishing  limits. 

The  following  remarks  are  not  designed  to 
convey  the  opinion  that  refuse  can  never  have 
a  utiliseable  heat  value.  There  are  many 
instances  on  record  where  the  heat  liberated  by 
the  burning  of  refuse  is  utilised  for  a  variety  of 
purposes  which  are  more  or  less  commercially 


prolitablc,  and  to  that  extent  reduce  the  cost  of 
disposal.  These  purposes  are  many  and 
various,  and  no  doubt  the  instances  to  which  I 
refer  will  be  well  known  to  my  readers.  But 
the  history  of  refuse  destruction  is  replete  with 
instances  of  generalisation  from  individual 
cases  which  has  caused  erroneous  impressions 
to  take  possession  of  the  minds  of  local 
authorities  and  others  as  to  the  extent  to  which 
refuse  may  be  relied  upon  as  a  fuel  in  the 
usually  accepted  sense  of  the  word.  For 
instance,  a  measurement  is  made  of  the  evapo- 
ration of  water  from  a  refuse-fired  boiler, 
extending  over  two  hours  or  twenty-four  hours, 
')r  whatever  it  may  be,  the  average  steam 
pressure  during  this  period  is  worked  out, 
the  evaporation  is  reduced  to  the  equivalent 
amount  from  and  at  212  F.,  and  the  refuse  in 
that  particular  neighbourhood  is  thereupon 
labelled  as  having  an  evaporative  power  of  so 
and  so  many  pounds  of  water  per  pound.  This 
is  misleading,  because  the  non-technical  man  is 
naturally  led  to  assume  that  if  one  pound  of 
refuse  would  evaporate  a  pound  of  water,  then 
a  ton  of  refuse  should  be  able  to  evaporate  a 
ton  of  water,  and  if  he  has  100  tons  of  refuse 
to  dispose  of  per  day,  he  concludes  that  he  can 
rely  upon  evaporating  100  tons  of  water,  which 
at  30  lbs.  perb.h.p.  hour  should  give  him  roughly 
7,000  h.p.  hours  of  mechanical  energy  to 
apply  to  any  commercial  purpose.  He  then 
goes  on  to  work  out  that  one  b.h.p.  hour  is 
equal  to  about  ten  sixteen-candle-power  incan- 
descent lamps  burning  for  an  hour,  so  that  his 
100  tons  of  refuse  should  enable  him  to  supply 
electrical  energy  for  some  3,000  sixteen-candle- 
power  lamps  for  twenty-four  hours.  The  above 
argument  can,  however,  never  be  correct,  the 
reasons  for  which  will  become  abundantly 
evident  from  a  consideration  of  the  average 
composition  of  refuse  in  various' districts. 

COMPOSITION     OF     REFUSE. 

There  can  be  no  doubt  that  the  quality  of 
refuse  varies  considerably  in  different  parts  ot 
England,  and,  indeed,  in  different  parts  of 
the  same  town  ;  for  instance,  in  residential  or 
manufacturing  districts,  ash-bin  refuse  may  con- 
tain quite  a  considerable  proportion  of  half- 
burnt  coal  or  other  combustible.  On  the  other 
hand,  in  purely  agricultural  districts,  the  refuse 
would  probably  be  of  such  a  character  as  to 
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contain  scarcely  enough  combustible  to  bum 
itself,  much  less  to  evaporate  water  in  a  boiler. 
Moreover,  the  ijuality  of  the  refuse  varies  more  or 
less  in  every  locality  with  the  season  of  the  year. 

As  an  example  of  the  kind  of  material  one 
finds  in  town  refuse,  the  following  quotation 
from  Colonel  Codrington's  report  will  be  of 
interest  : — 

"  These  records  are  suffkftnt  to  indicate  the 
varied  composition  of  refuse,  and  when  con- 
sidering the  possible  value  of  refuse  for  raising 
steam  for  any  purpose  requiring  a  steady  pres- 
sure, it  must  be  borne  in  mind  that  this  class  of 
refuse  is  not  the  only  one  that  has  to  be  dealt 
with  in  a  large  town.  For  instance,  during  one 
year  at  Leeds  the  following  'articles'  were  dealt 
with,  in  addition  to  the  usual  ash-bin  refuse  : 

11  cows,  3  calves,  17  sheep,  4  goats,  ^98  pigs, 
5  turkeys,  2  carcases  of  beef,  28  quarters  of  beef, 
9   cwt.   of   pork,    10   cwt.  of   pickled   tongues. 

12  cwt.  of  herrings,  Ji8  cwt.  of  shell  fish,  1  cwt. 
of  sugar,  J85  dogs,  loy  cats,  13  fo.xes,  1  'sea 
serpent,"  147  mattresses,  bed  pillows,  and 
bolsters,  7  blankets,  36  pieces  of  carpet,  7 
hearth  rugs." 

Colonel  Codrington  gives  the  following  list 
as  the  standard  of  the  average  London  refuse  : — 

Ashes :;2-6 

Breeze  (cinders)  288 

Soft  core  (animal  and  vegetable 
refuse  ...         ...         ...      14-2 

Hard  core  (broken  pottery,  etc.)     jm 

Coal       ...       015 

Bones ...       025 

Rags      0-425 

Old  iron  ...  ...  ...       o'^s 

Old  metals        ...         o  o.?5 

While  glass      ...         ...         ...       0-075 

Black  glass       .  .         ...         ...       0225 

1 00000 
And  the  average  composition  of  Manchester 
refuse  is  given  as  follows  : — 

Ashes  and  excreta  in  pails  ...  645 

Dust  and  cinders          ...  .  .  34-55 

Fish  and  bones...         ...  ...  0-15 

Dogs,  cats,  hens,  rabbits,  etc....  005 

Boots,  rags,  hats,  paper,  etc.  ...  005 

Vegetable  refuse           ...  ...  o-o^ 

GLiss,  pottery,  bricks,  etc.  ...  o-6 

Old  iron  and  tinware   ...  ...  q-Q!; 


As  an  instance  of  the  composition  and  varia- 
tion of  town  refuse  at  different  seasons  of  the 
year  the  following  analysis  of  Torquay  refuse, 
taken  from  Mr.  Henry  A.  Garrett's  able  paper 
on  this  subject,  which  was  contributed  at  the 
summer  meeting  of  the  Institution  of  Mechanical 
Engineers  two  years  ago,  is  interesting  and 
instructive  :  — 

Refuse  for  December  and  January  tests  con- 
sisted of — 

Pit  cent. 

Paper,  cardboard  boxes,  straw  pack- 
ing material  and  the  like 12-2Q 

X'cgetable    and   garden    refuse    im- 
pregnated with  fine  ash 52-07 

Screenings,  cinders,  clinker,  pieces 

of  small  coal  and  the  like  ...       651 

F"ine  ash  and  dust 2542 

Pots,  pans,  crockery,  bottles,  etc.  ...       317 

Rags,  bones,  etc ...      035 

III  December  and  January  refuse  is  usually 
admitted  to  be  of  the  best  quality  from  a  "  fuel  " 
point  of  view.  Mr.  Garrett  sampled  about  8  tons 
of  refuse  collected  in  June  with  the  following 
result : — 

Cwl>.     qrs.        lbs. 

Fish  offal ...         ...         ...  3  2      21 

Meat  and  poultry  offal   .  .  o  3      17 

Waste  bread,  cake          ...  o  i       15 

Brickbats,  stones...         ...  o  2        3 

Bits  of  wood,  old  boxes...  o  o      23 

Old  tins,  pans,  pails        ...  329 

Bits  of  old  iron    ...          ...  i  10 

Pots           ...         ...         ...  I  2        4 

Bottles  and  glass.  i  3      i,S 

Straw        I  1        8 

Waste  paper                    •■•  ,^  -       '7 


Vegetable  refuse . . . 

.    1 1 

3 

<; 

Garden  prunings. 

4 

I 

0 

Bones 

...     0 

1 

5 

Rags 

..:    0 

0 

17 

Bits  of  canvas      .  . 

1 

1 

7 

Old  boots  and  shoes 

u 

u 

1 1 

Fine  dust  ... 

...  77 

0 

0 

Screenings 

45 

2 

0 

Bits  of  coal 

...     0 

2 

17 

Bits  of  coke 

...     0 

0 

21 

100  0<i 


A  glance  at  these  lists  is  sufficient  to  show 
that,  from  the  point  of  view  of  the  fuel,  town 
refuse  cannot  be  considered  of  very  high  grade. 
It  is,  therefore,  somewhat  difficult  to  understand 
how  such  lesiilts  as  j  Ilis    of  water  cvaimrated 
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per  pound  of  refuse  burnt  could  be  seriously  put 
forward  as  an  averaije  result  that  might  be 
relied  upon.  This  dilTiculty  is  accentuated  if 
one  analyses  the  distribution  of  the  heat  of  com- 
bustion of  refuse. 

ITS     HEAT     POTENTIALOTY. 

.•\  comparison  of  the  results  of  refuse  burnt  in 
many  districts  shows  that,  on  the  average,  refuse 
may  be  taken  to  contain  at  least  30  per  cent,  of 
moisture,  and  that  on  the  average  at  least  30  per 
cent,  consists  of  incombustible  material  ;  this 
leaves  40  per  cent,  of  material  which  is  more  or 
less  combustible.  This  40  per  cent,  is  the  sole 
source  whence  heat  can  be  drawn  for  the 
purposes  of  evaporating  the  inherent  moisture, 
for  supplying  the  heat  necessary  for  raising  the 
temperature  of  the  mass  to  that  of  the  furnace, 
for  the  heat  escaping  in  the  issuing  gases,  and 
for  the  heat  required  for  evaporating  the  afore- 
said 2  lbs.  of  water  per  pound  of  refuse  from  and 
at  J 1 2'  F.  .Assuming  that  the  temperature  of  the 
products  of  combustion  is  1500  F.,that  the  speci- 
fic heat  is  0-23  thermal  unit,  that  the  air  supplied 
and  the  products  of  combustion  amount  to  3*5  lbs. 
per  pound  of  refuse,  and  that  the  moisture  in 
the  refuse  carries  away  with  it  only  966  thermal 
units  per  pound,  we  find  the  following  number 
of  thermal  units  to  be  necessary  for  the  combus- 
tion of  the  refuse  and  the  evaporation  of  2  lbs  of 
water : — 

Heat  lost  in  waste  gases,  say  1,500  x  0*23 
tliermal  units  (specitic  heat  of  gases)  x 
35lbs 1,207 

Heat  lost  in  clinker,  raised  to,  say, 
J, 000  deg.  in  furnace  from  60  deg. — 
1Q40X 02X30  per  cent.  ...         ...         ...        116 

Heat  lost  in  evaporation  of  moisture, 
30  per  cent,  of  966  thermal  units  ...        290 

Heat  absorbed  in  2-0  lbs.  water  from 
and  at  212    F.        ...         ...         ...         ...      1,932 


Thermal  Units     3.543 

To  this  should  be  added  radiation  losses,  say, 
150  thermal  units,  making  a  total  of  3,545  + 
150  =  3,695  thermal  units. 

Now,  these  3,695  thermal  units  can  only  have 
been  produced  by  o"4  of  the  pound  of  refuse 
which  is  combustible,  which,  therefore,  must 
have  had  a  calorific  value  of  9,230  thermal  units 
per  pound.     This  is,  of  course,  absurd. 


It  may  be  suggested  that  the  evaporation  of 
water  above  referred  to  is  no  longer  seriously 
claimed  by  reputable  makers  of  destructor 
furnaces,  and  this  is  certainly  true  ;  at  the  same 
time,  within  the  last  few  months,  Mr.  Frank 
Broadbent,  in  an  excellent  article  which  ran 
through  several  numbers  of  the  Electiiail  Review, 
gave  a  table  of  the  results  claimed  by  many 
authorities  for  the  evaporation  achieved  by  their 
destructors,  and  the  figures  therein  quoted  show- 
variations  within  fairly  wide  limits.  This  paper 
is  a  most  interesting  and  instructive  one,  and, 
of  course,  Mr.  Broadbent  is  not  responsible  for 
the  figures  nor  for'  the  means  by  w'hich  they 
were  obtained,  and  it  is,  moreover,  impossible 
to  criticise  these  results  upon  anything  except 
general  lines,  for  the  reason  set  forth  at  the 
commencement  of  this  article,  namely,  that  up 
to  the  present  no  standard  conditions  for 
boilers  fired  by  the  combustion  of  refuse  have 
been  agreed  upon  by  the  various  authorities 
dealing  with  this  subject. 

Mr.  Dawson  gives  the  calorific  value  of  the 
combustible  constituents  of  refuse  as  follows  : — 

Thermal  Units 
per  lb. 

Coal         9,344 

Coke       <S,ooo 

Bones  and  offal...         ..  ...  5,344 

Breeze  and  cinder         ...  ...  4,000 

Rags        3.334 

Paper,  straw,  and  the  like       ...  2,534 

From  these  data  Mr.  Broadbent  compiles  a 
table  in  which  the  calorific  value  of  each  con- 
stituent of  average  quality  London  ashbin  re- 
fuse is  calculated.  He  brings  the  total  to  r,428 
thermal  units  per  lb.,  or  about  one-tenth  that  of 
good  coal  ;  but  it  must  not"  be  forgotten  that  on 
the  average  only  40  per  cent,  of  refuse  by  weight 
consists  of  combustible,  so  that  the  material 
which  can  produce  1,428  thermal  units  is  un- 
avoidedly  accompanied  by  one-and-a-half  times 
its  weight  of  incombustible  on  the  average. 

Working  on  similar  lines,  Mr.  Broadbent 
makes  the  calorific  value  of  Manchester  refuse 
3,100  thermal  units  per  lb.,  and  for  Torquay 
refuse  (winter)  i,4<So  thermal  units  per  lb. 

Now,  taking  30  per  cent,  clinker  and  30  per 
cent,  moisture  as  fair  average  conditions  for  a 
basis  of  comparison,  we  find  that  (see  above) 
1,613  thermal  units  are  accounted  for  in  the 
waste  gases,  in  heating   up   the  incombustible 
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and  in  evaporating  the  moisture  in  the  refuse. 
In  the  case  of  Torquay  (winter  refuse),  there- 
fore, there  is  no  heat  available  for  evaporating 
water  if  Mr.  Broadbent's  calculations  and  my 
assumptions  are  correct.  In  the  case  of 
Manchester  refuse,  3,100  -  1^13,  or  1487  thermal 
units,  would  be  available  for  steam  raising,  being 

•     ,  1 .487 

equivalent  to  ~^h^=  1-54  lbs.  water  from  and  at 

.212  F,  and  in  the  case  of  ordinary  London  ash- 
bin  refuse,  again,  there  would  not  appear  to  be 
sufficient  heat  value  to  consume  the  refuse 
itself. 

EXPECTATIONS    AND    MISCONCEPTIONS. 

The  evaporative  power  of  refuse  must  of 
necessity  be  a  fluctuating  quantity  and  wholly 
unreliable,  and  all  the  improvements  in  des- 
tructors or  in  refuse  fired  boilers  will  not  alter 
matters  in  this  direction  in  the  least.  If  every 
effort  is  directed  towards  turning  the  refuse 
destructor  into  an  auxiliary  steam  producer  for 
the  town's  electricity  works,  then  the  efficiency 
of  the  destructor  qiui  destructor  will  be  impaired, 
and,  conversely,  if  a  destructor  is  worked  with  a 
view  to  the  attainment  of  the  highest  degree  of 
efficiency  in  its  legitimate  sphere,  a  boiler  fired 
by  the  products  of  combustion  of  the  refuse 
will  be  wholly  unreliable  for  the  purposes  of 
supplying  steam  under  conditions  such  as  obtain 
in  an  electric  generating  station.  If  the  heat 
utilised  is  arranged  not  to  greatly  exceed  the 
minimum  heat  output  of  the  furnace  in  use  at 
any  one  time,  there  will  obviously  be  no  difti- 
culty  in  utilising  this  portion  of  the  heat  of  com- 
bustion for  purposes  requiring  a  constant  boiler 
pressure,  proper  arrangements  being  of  course 
made  for  the  utilisation  or  disposal  of  the  surplus 
steam,  so  that  the  boiler  pressure  will  not  be 
thereby  unduly  raised,  and  in  these  circumstances 
the  utilisation  of  steam  from  a  refuse  tired  boiler 
need  not  interfere  with  the  functions  of  the 
destructor  as  a  sanitary  appliance.  But  it  will 
never  be  possible  for  the  engineer  to  rely  upon 
refuse  as  a  fuel  for  steam  raising,  in  the  way 
that  many  recent  writers  would  have  us  believe. 

The  advocates  of  refuse  as  a  fuel  seem  to 
overlook  the  important  difference  between 
refuse  and  coal  or  any  other  "  fuel."  Whereas 
the  chief  characteristic  of  a  fuel  is  the  con- 
stancy of  its  component  parts,  the  very  opposite 
holds  good  in  the  case  of  refuse  ;  and  whereas, 


therefore  practically  every  pound  of  coal  in  a 
ton  may  be  reckoned  on  to  contribute  the  same 
proportion  of  heat  when  consumed  in  the 
furnace,  in  the  case  of  refuse  as  fed  into  a 
destructor  it  would  be  impossible  to  rely  upon 
two  consecutive  pounds  to  produce  even  an 
approximately  equal  amount  of  heat. 

The  conditions  under  which  so-called  deter- 
minations of  the  thermal  value  of  refuse  as 
a  fuel  have  been  made  are  really  quite  hopeless. 
Refuse  is  fed  into  the  destructor  furnace — I 
had  almost  said — by  the  cartload  as  against  the 
shovelful  in  the  case  of  coal,  and  yet  the 
evaporation  of  a  refuse  tired  boiler  is  often 
worked  out  to  two  places  of  decimals  after  a 
trial  of  a  few  hours'  duration.  No  wonder 
people  are  led  to  take  an  exaggerated  view 
of  the  possibilities  of  refuse  I 

If  it  should  be  desirable  to  obtain  some 
approximately  correct  idea  of  the  average  heat 
value  ol  the  refuse  collected  in  some  particular 
town  or  district — though  what  useful  purpose 
can  thereby  be  served  it  is  difficult  to  imagine — 
careful  measurements  of  the  amount  of  refuse 
destroyed  and  of  the  water  evaporated  should 
be  taken  over  at  least  one  year,  and  then  it  is 
quite  possible  that  similar  measurements  taken 
during  the  following  year  would  show  a 
different  result.  If,  in  addition  to  these  measure- 
ments, the  boiler  pressure  be  noted  where  the 
whole  available  heat  is  used  to  evaporate  water, 
the  variations  in  pressure  would  be  such  as  to 
disabuse  the  mind  of  any  steam  user  of  any 
false  ideas  on  the  subject. 

The  proof  of  the  pudding  is  the  eating  of  it, 
says  an  old  proverb,  and  there  is  no  instance  on 
record  of  steam  for  electric  lighting  or  power 
purposes  being  continuously  and  satisfactorily 
drawn  from  a  refuse  lired  boiler  to  the  extent 
indicated  by  the  number  of  pounds  of  refuse 
burnt  multiplied  by  the  alleged  evaporative 
power  per  pound  of  refuse. 

To  again  quote  from  Mr.  Broadbent's  excel- 
lent paper,  we  lind  in  Table  V.  a  column  giving 
the  useful  Board  of  Trade  units  generated  per 
ton  of  refuse.  Kejecting  results  obtained  from 
obsen'ations  extending  over  less  than  one 
month,  and  from  plants  where  coal  is  mixed 
with  the  refuse,  the  average  works  out  t  ■ 
nearly  32  kilowatt  hours  per  ton  of  refuse- 
burnt.  These  results  are  obtained  at  Accrin.i;- 
(on,  Shipk-v,  and  Wiexli.tm. 
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Taking  40  pounds  ot  steam  per  kildwatt  liour 
as  a  not  too  extravagant  estimate,  3.!  k\v.  per 
ton  of  refuse  would  correspond  to  33  X  40  = 
1,280  pounds  of  water  evaporated  per  ton  of 
refuse,  or  a  little  over  half  a  pound  of  water  per 
pound  of  refuse.  This  is  accounted  for  bj-  the 
nature  of  the  districts  in  which  the  results  were 
obtained,  and  of  course  cannot  be  taken  as 
representative  of  the  steam -raising  power  of 
every  kind  of  refuse. 

The  foregoing  remarks  are  not  designed  to 
convey  the  view  that  the  heat  value  of  refuse 
should  be  entirely  discounted.  Heat  is  always 
heat,  however  produced,  and  it  is  well  known 
that  in  many  towns  the  steam  from  refuse  fired 
boilers  is  utilised  for  a  varietv  of  purposes 
which  admit  of  intermittent  working.  In 
several  instances  the  steam,  when  available, 
is  used  for  generating  electrical  energy  for 
charging  secondary  batteries.  In  other  cases 
other  means  of  equalising  the  supply  of  and 
demand  for  steam  have  been  attempted,  e.^:, 
M.  Druitt  Halpin's  Thermal  Storage  Scheme. 
In  these  or  similar  ways  the  heat  energy  of 
refuse  can  be  turned  to  some  commercial 
purpose,   and    thus   effect   a   reduction    in  the 


cost  of  burning.  But  upon  this  subject  no 
rules  can  be  laid  down — only  an  intimate 
knowledge  of  the  requirements  of  the  districts 
and  of  the  facilities  at  hand  for  the  disposal 
of  the  article  produced  can  dictate  how  best  to 
utilise  the  heat  from  the  refuse  destructor. 

The  paramount  duly  of  a  refuse  destructor  is 
to  completely  consume  the  refuse  within  the 
least  possible  time  from  the  moment  it  is 
delivered  by  the  cart,  and  to  effect  its  destruc- 
tion in  such  a  way  that  no  stewing  of  the  refuse 
prior  to  its  discharge  into  the  furnace  takes 
place,  and  that  the  temperature  of  the  combus- 
tion chamber  is  maintained  at  a  sufticiently  high 
point  to  thoroughly  cremate  and  render 
innocuous  the  products  of  combustion.  Further, 
the  design  of  the  flues  and  of  the  chimney 
should  be  such  that  all  dust  is  deposited, 
and  that  no  solid  matter  finds  its  way 
up  the  chimney  to  be  discharged  at  its 
mouth. 

In  designing  a  destructor  furnace  to  effect 
these  three  important  functions,  neither  trouble 
nor  money  should  be  spared.  A  refuse  destructor 
must  be  looked  upon  as  a  necessary  sanitary 
appliance,  and  not  as  a  money-earning  machine. 
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STRIKING  fact  connected 
with  tlie  production  of 
coal  and  pig-iron  is  that, 
while  America  has  out- 
paced all  her  records,  she 
has  this  year  been  buying 
both  from  us.  It  is  also  a 
striking  fact  that  the  out- 
put of  coal  in  the  United  Kingdom  has  declined, 
although  more  persons  have  been  employed  in 
mining.  In  1901  the  decline  was  ^), 134,355  tons 
on  1900,  and  the  proportions  of  the  decrease 
were  3'68  per  ceot.  in  England,  o  95  per  cent, 
in  Scotland,  and  021  per  cent,  in  Wales.  There 
were  839,178  persons  employed  in  the  mines, 
as  against  814,517  in  1900  ;  but  the  output  was 
only  357  tons  per  person  employed  underground, 
as  compared  with  382  tons  in  1900. 

THE     EFFECT    OF    HIGH    WAGES. 

This  serious  decrease  in  productive  industry 
of  25  tons  per  man  is  attributable  to  shorter 
hours  and  fewer  working  days.  When  wages 
are  high,  miners  can,  and  do,  take  frequent 
holidays.  In  any  case,  the  average  annual 
production  of  the  British  miner  compares 
badly  with  that  of  the  American,  which  is 
about  550  tons  per  man.  The  difference  is  a 
very  serious  one,  and  is,  we  believe,  due  more 
to  the  longer  working  week  and  fewer  holidays 
in  America  than  to  the  use  of  coal-cutting 
machinery  in  the  mines  there,  although  that  is, 
no  doubt,  an  important  item.  As  to  the  smaller 
number  of  hours  worked  in  the  Hritish  pits 
during  1901,  it  is  but  fair  to  add  that  this  was 
to  some  extent  the  result  of  taking  on   again 


reservists  and  militia  men  returning  from  active 
service.  They  were  put  on  the  books,  but  as 
trade  was  declining,  many  of  the  pits  were  over 
supplied  with  labour,  and  had  to  choose  between 
running  short  days  and  paying  off  men. 

THE     USE    OF    COAL-CUTTINQ     MACHINERY. 

As  to  the  use  of  machinery,  it  may  be  noted 
here  that  American  records  show  that  ten  years 
ago  each  man  in  the  bituminous  mines  turned 
out  25()  tons  per  day, and  now  produces  jn^Htons. 
This  is  called  an  increase  of  118  tons  per 
annum  per  miner.  lu  the  anthracite  mines  the 
daily  production  in  the  same  time  has  increased 
from  I  85  tons  to  24  tons.  This  is  claimed 
as  being  due  to  the  application  of  improved 
mechanical  appliances  ;  but  there  were  doubt- 
less some  other  influences  at  work  as  well. 
There  was,  everywhere,  considerably  less  demand 
for  coal  in  1901  than  in  1900,  except  in  America, 
where  an  increase  of  20,000,000  tons  in  the 
output  was  readily  absorbed.  Our  exports  fell 
off  by  j]  million  tons,  and  the  consumption  in 
tiie  British  blast  furnaces  was  2A  million  tons  less 
than  in  the  previous  year,  although  the  price  for 
the  year  averaged  is.  5d.  per  ton  lower. 

THE     PRODUCTION     OF     ANTHRACITE     COAL. 

As  a  good  deal  of  surprise  was  caused  in 
September  and  October  last  by  the  receipt  oi 
orders  from  the  United  States  for  cargoes  of 
anthracite  ct)al  to  be  shipped  from  Wales 
and  Scotland,  it  may  be  explained  that  this 
quality  of  coal  is  regularly  raised  in  both 
countries.  The  Welsh  anthracite  more  nearly 
resembles  American   in  character  than  does  the 
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Scotch,  which  lattei"  is  a  hard  and  smokeless 
coal,  mostly  used  in  the  furnaces  of  steam 
yachts  and  the  like.  There  is  also  a  small 
quantity  of  anthracite  produced  in  Ireland. 
The  following;  shows  the 

OUTPUT     OF     ANTHRACITE      IN     THE     UNITED 
KINGDOM. 


Wales- 
Brecon    .  . 
Carmaitheii 
Cllamoi-jan 
Pembroke 

Scollaiul 

Irelanci 


rolls, 
.!9.iX>77 

42,100 

224,780 

86,616 


Total  in  1901  2.565,462 

lyoo  2.523,150 

These  figures,  shown  here  separately  for  their 
special  interest,  are  included  in  the  official 
returns  of  the  entire  output  of  coal  in  the 
country,  and  the  output  in  1901  was  ;  — 

TOTAL     OUTPUT     IN     1901." 


lull--. 

Increase  or  decrease 
on  previous  year. 

Englaiul 

153,460,284 

—5,865,118 

Wales 

32,686,832 

-r        67,837 

Scotland 

32,796,800 

—     315,404 

Ireland 

1901 

103.029 

—        21,670 

Total, 

219,046,945 

—6,134,355 

.< 

1000 

225.181.300 

+  5,086,519 

Here,  then,  we  find  a  decrease  of  '^',134,355 
tons,  as  compared  with  a  previous  increase  of 
5,086,519,  say  a  practical  falling  off  of  about 
II  million  tons.  It  must  cause  some  surprise  to 
find  Scotland  recorded  as  a  larger  coal  pro- 
ducer than  Wales,  but  in  the  above  table  the 
output  of  the  Monmouthshire  pits  is  credited 
to  England,  not  to  the  Principality.  The  out- 
put for  Wales  per  county  was  : — • 

WELSH     OUTPUT,     1901     (MINES). 

County,  l.ins. 

Brecon       44-!,  194 

Carnuuthen  1,417,427 

Denbigh    ...  2,398,77!) 

Flint              .  677,203 

Glamorgan  27,7o8,S4! 

Pembroke  42,190 


Total      ■  32,686,631 

But  if  we  add  the  Monmouthshire  production, 
the  output  of  the  Welsh  coalfields  would  be 
over  42  million  tons.     The  following  is  the — 


ENGLISH     OUTPUT, 

Cuunlv. 
Cheshire    .  . 
CmnberlancI 
Derby 
Dnrh.im 
(iloucester... 
Lancashire 
Leicester   ... 
Momnouthshire   ... 
XorthiiMiberl. 111(1 
Noltin.gham 
Salop 

Somersetshire 
Staffordshire 
Warwick   . . . 
Westmorland 
Worcester 
Yorkshire 


1901      (MINES). 

Ions. 

570,216 

2,108,360 

...      14,907,344 

•■■      .33,954,4.38 

1,524,981 

...      23,690,503 

2,011,350 

9,598,407 

1  1 ,272,005 

8.198,267 

7.54,858 

928,539 

13,122,272 

3.099,863 

898 

735,800 

26,972,969 


Total 


153,451,070 


It  will  be  seen  that  the  output  of  Durham 
alone  exceeds  both  that  of  all  Wales  and  all 
Scotland.     The  following  is  the 

SCOTCH   OUTPUT,  190I. 

County.  'rons. 

.\rgyllshire  and  Dumfries  ...         127,939 

.Ayrshire      ...  ...         ...         ...      4,046,278 

Clackmannan  ...                      ...         429,836 

Dimibarlon  .            ...         501,139 

Edinburgh  ',364,399 

Fife  5,601,501 

Haddington  467.225 

Kinross       ...  22,528 

I^anark           .  10,003,230 

Linlithgow  1,316,570 

Peebles  , .               ipo 

Renfrew  .            2,346 

Stirling  2,306,880 

Sutherlaiul  5,7.i9 

Total         ...    32,796,510 

More  than  half  the  output  of  Scotland  is  from 
one  county,  Lanarkshire.  But  the  output  of 
Durham  and  Northumberland  is  far  away  ahead 
of  all  the  coalfields.  The  number  of  men  em- 
ployed, the  average  output  per  underground 
worker,  and  the  average  price  at  the  pit's  mouth 
are  as  follows  : — 


•  These  figures  include  the  small  quantities  produced 
from  open  quarries  (9,705  tons  in  K^oi  and  11,137  tons  in 
1900)  omitted  from  subsequent  tables. 


No.  of  men 
employed. 

Output 

per  miner. 

Tons. 

.-Vveraiie 
price, 
s.     d. 

Durham        

113,934 

393 

8  o:i 

Northumberland     ... 

41,145 

.345 

9  10 

.411  England 

.561  ,.563 

352 

9     ij 

Wales           

128,783 

303 

11    ui 

Scotland       

1 0 1 ,569 

405 

7  loi 

All  United  Kingdom 

792.648 

350 

9    4! 

m» 
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WMERE     THE     COAL     GOES. 

The  next  thing  to  consider  is  wliat  lias  become 
of  all  the  coal,  and  the  answer,  unfortunately,  is 
that  the  greater  portion  of  it  was  wasted,  in  so 
far  as  effective  power  is  concerned.  About  one- 
tenth  of  our  output  goes  into  domestic  use,  but 
not  more  than  i  per  cent,  of  that  proportion  is 
consumed  beneficially.  Of  what  is  consumed 
industrially,  probably  not  more  than  ten  per 
cent,  of  the  theoretical  power  is  actually 
obtained.  But  as  to  distribution,  it  has  been 
as  follows  during  the  last  ten  years  : — 


1892 
««93 
189*  ■ 
iHq5 
1896. 

1897. 
1898. 
1809 

1900  . 

1901  . 


Oulpul. 

Tons. 
.  181,786,871 

.  189,661,362 
■  l9.i..»6i,26o 
.  202,129,931 
.  202,054,516 
.  220,0<)4,7Sl 

225,1X1,300 
219,046,945 


Exported. 
Tons. 
39,380,756 
37,4SS.070 
42,687,430 
42,<)07,302 

44,586,8 1 1 
48,128.464 
48,266,6<)9 
55,810,024 
58,405,087 
57.78.1.076 


Consumed  .lt 

home. 
142,406,115 
1 26,837,725 
i45,5«:)o.o<^5 
146,754,060 

150.774.449 
154,001,467 

■.5.i.787..*<i7 
164,2,S4,757 

1')<).776,2I3 
161,263,861) 


Consiimp. 

tion  per 

he.id. 

Tons. 

3737 

3-30O 
3755 
3752 
3820 
3867 
3-826 
4051 

4075 
3-882 


In  the  exports  we  have  included  the  quantities 
supplied  to  the  bunkers  of  steamers  engaged  in 
the  foreign  trade  ;  as  also  coke  in  the  propor- 
tion of  100  tons  of  coal  for  every  60  tons  of  coke- 
shipped,  and  patent  fuel  in  the  proportion  of 
go  per  cent,  of  coal  in  every  ton  of  fuel  shipped. 
The  amount  of  bunker  coal  supplied  to  British 
and  foreign  steamers  in  the  foreign  ti\ide  in  the 
ten  years  has  been  : — 

BUNKER    COAL     SHIPPED. 

Yc:.: .  T,.n>. 

1892  ...  .S,()0O,I2O 


I8(,3 
18.4 

i8«;5 
l8(/< 

1897 
I8i>8 
I8i.c> 
I(|00 


8.126,372 
>(,2i>4,46i 
i),407,78i» 
''."'37..305 
10,4.55,7.58 
11.264,204 

12,226,S0I 

u,7$i.3t(> 
i3.58''.833 


As  regards  the  decrease  in  the  consumption 
last  year  it  was  explained  partly  by  the 
long  continuance  of  hot  weather,  but  mainly 
by  the  reduced  activity  in  the  iron  indus- 
tries. The  average  price  at  the  pit  head 
and  in  London  has  thus  varied  during  the  ten 
years  : — 


AVERAGE    PRICE     AT     PIT     HEAD     AND     IN     LONDON. 


Vc. 


1S>)2 
18.M 

1895 

is<)7 

|S.,S 
null 

It  will  be  seen  that  not  by  any  means  the  whole 
of  the  great  haul  of  the  "  famine  "  year,  i()oo, 
was  lost  last  year. 

The  distribution  of  the  output   by  water  last 
year  was  lower  in  comparison  with  iijoo  : — 


Kiif^iund. 

\V.ilc.k 

Sto 

Lind. 

III  I.otuljn 
Market. 

».   a. 

s.    d. 

8. 

d. 

s. 

d. 

7    3 

8    10 

5 

I) 

'7 

7 

6    10 

7    8 

5 

9 

•9 

0 

'•    7 

7     6 

6 

0 

16 

4 

5  " 

7     -' 

5 

4 

"4 

7 

5  10 

6    .) 

5 

1 

14 

5 

5  '  1 

6     7 

5 

3 

15 

4 

''     4 

6    10 

6 

1 

16 

> 

/      / 

7     '» 

7 

6 

18 

2 

10     6 

12      0 

10 

10 

22 

9 

9      1 

II     II 

1 

II 

■9 

5 

SHIPPED    BY    WATER, 


Coastwise — 
Coal 
Coke 
Patent  KucI 


1 7,923,884 

71,180 

1,874 

17.90,938 


Foiirinn  riiid  Colonial — 
Coal  44.089,197 

Coke         985,.365 

P.itent  Fuel         ..       1,023,666 


To  the  bunkers  of 
steamers  in  the 
foreign  trade 


46,098,228 


,316 


1. 101. 

Tons. 


17.895.546 
66,859 

17,962,710 


41.877,081 

807,671 

1,081,160 

43,7<'5.9'^ 


n.586.8r, 


The  largest  consumjition  of  coal  is  in  the 
iron  industry ;  but  before  we  go  on  to  that  it  will 
be  of  interest  to  show  the  consumption  for 
locomotive  purposes  on  the  various  railways. 
The  records  only  go  back  to  iStjj  : — 


RAILWAY    CONSUMPTION    OF    COAL. 


I'niled 

Kingdom. 

Tons. 

9,276,254 

9,971,813 

10,66<i,l4i 

11,107,122 

II,022,8i)3 


Turning  to  iron  ore  we  find  a  decrease  both 
in  the  output  and  in  the  imports,  sulliciently 
indicative  of  a  decline  in  the  iron  trade.     The 


kear. 

Enul.ind 
•nnd  W.iks. 

Scoll:ind. 

Ireland. 

Tons. 

Ton>. 

Tons. 

1897 

7.429,659 

I, .V  3.682 

272,913 

l8<>8 

7, ,(89,1)42 

1,670,563 

3"!.. 308 

i89<) 

8,(K)4,289 

>.763.i.=>4 

298.<><V< 

nwo 

9,090,1  18 

"i  ,779.608 

327..V/' 

1901 

8,921,178 

i.7.=;4.<'8o 

IRON    ORE. 

347.035 

British   Coal   and    Iron    Production. 

chief  producing  districts  are  Cleveland  and 
Nji-th  Yorkshire,  Lincolnshire,  Xorthampton- 
sliire,  and  Leicestershire,  Cumberland,  and 
North  Lancashire,  Scotland  and  Ireland.  The 
richest  ore  is  the  hematite  produced  by  the 
Cumberland  and  Lancashire  mines,  which 
averages  over  50  per  cent,  of  metal  per  ton  of 
ore  ;  the  Cleveland  ore  averages  about  30  per 
cent.  ;  and  the  Midland  ores  average  about  33 
per  cent.    The  following  is  a  statement  of  the 


oSo 


OUTPUT     OF 

RON 

ORE     IN 

GREAT      BRITAIN     FOR 

THE     YEAR 

1901. 

Uecie.'isc  on 

I'ercentaiic 

District. 

Output. 
Tons. 

previous  year. 
Tons. 

of  total. 

Scotl;iiKl     .  . 

"5^'-373 

89,658 

(V2 

Ciiiiiberliiiid  &  I 

.aiic. 

1,559447 

174.344 

127 

ClfvcUmd  ... 

5,100,823 

392,910 

4ff. 

Stafford 

»2-,.'-p$ 

258,832 

6-7 

Lincoln 

1 .494  474 

430,424 

lS-2 

Noilhainplon 

1 ,4X5.084 

137.455 

I2'l 

Oilier  counties 

9(i,-),50D 

250,278 

7-1) 

Ireland 

80,532 

19,109 

of) 

Totals 


75,198         1.753,010 


SCOTCH 

OUTPUT 

OF 

IRON 

ORE. 

County. 

Tons, 

.Ayrshire 

,n(,.4.-,(. 

Dtinibarton 

.=;.v-'4" 

Edinbiirgli.. 

Jij.OOft 

Kifeshire 

> '  ■  7  ^  7 

Lanarkshire 

■Sv,;"^ 

Linlilhsow 

.S-^-'>'  5 

Ken  lie  IV     ... 

'  -!^^5S?> 

Stirling 

M72 

The  decrease  in  1901  is  equal  to  125  per  cent, 
on  the  output  of  1900.  From  this  quantity  of 
home  ore  4,091,908  tons  of  pig-iron  were 
smelted  in  1901,  as  compared  with  4,fXifi,y42 
tons  in  1900.  To  come  down  to  counties,  the 
following  was  the 

ENGLISH     OUTPUT    OF     IRON    ORE. 

County.  Tons. 

Cumberland  1,009,911 

Derby          2,536 

Devon           ...          ...          .  .  .                 225 

Diu'liam       ...          .--           ..  19.503 

Gloucester...  9,769 

Lancashire.  ,549,536 

Leicester    ...  593,')oS 

Lincoln  1,494,474 

Monmouth  10,733 

Northampt'in         ...           ..  ,  .       1,485,084 

O.xford  and  Rullaud        ...  .         230,011 

Salop           ...         ...  25,586 

Somerset  411 

Stafford       .  .  ...         825,9()5 

Warwick  7,2f>7 

Wiltshire    ...                        .  7.07O 

Worcester ...          ...  4.882 

Yorkshire  (Cleveland,  etc.)  ...      5,150,')56 

Total         ...    11,427533 

Wales   and    Ireland  are  both  too  trifling   to 
enumerate,  but  the  following  was  the — 


Total  ...  759.373 
To  make  up  for  the  smallness  of  our  deposits 
of  hematite  ore  we  have  to  import  ore  for  steel- 
making  iron.  It  remains  to  be  seen  how  the 
new  process  of  obtaining  steel-making  iron  from 
ordinary  ore  will  stimulate  the  output  of  ore  in 
Cleveland.  But  last  year  even  our  imports  of 
foreign  ore  declined,  although  in  1900  so  much 
effort  was  exerted  to  beat  up  new  sources  of 
supply.  In  the  following  table  we  show  the 
quantities  received  from  our  several  suppliers 
in  lt)0O  and  u;ol  : — 

IMPORTS    OF     IRON     ORE. 

Vcom 
.-Vlfjeria 
Australia 
Canada 
France... 
(iicece... 
Holland 
Italy  (Elba!      ... 
Newfoundland 
New  Zealand... 
Portufjal 
Spain    ... 
Sweden 
Turkey 
Otlier  countries 

Total 

It  is  still  a  case  of  Spain  lirst  and  the  rest 
nowhere,  even  though  the  readily  available 
supplies  of  the  best  Spanish  ore  are  nearing 
exhaustion  ;  but  great  things  are  expected  of 
Sweden  in  the  near  future.  And  we  have 
always  Newfoundland  and  Nova  Scotia  to 
resort  to  for  ore  for  basic  iron,  for  the  pro- 
duction of  which,  on  a  large  scale,  our  smelters 
will  have  to  adapt  their  furnaces. 

THE     BRITISH     OUTPUT. 

This  brings  us  to  the  consideration  of  our 
own  output  of  pig-iron  in  respect  of  the 
supplies  of  coal  and  ore  revealed.  Of  the 
quantity  of  native  ore  produced,  3,955  tons 
were  exported;  and,  of  the  quantity  of  foreign 
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HJ03. 

icpl- 

Tuns. 

■|o;is. 

14 1. ''24 

189,014 

5.3 1  3 

6.375 

4 

.3,124 

4«,l65 

44,930 

304,^148 

303.835 

9,414 

i3,<^70 

S«,.532 

70,362 

13,2.34 

35,57f' 

28 

— 

ii.7.V^ 

20,040 

551. .559 

4.749.933 

9«.055 

87.575 

8,061 

7.627 

i7,58« 

16,827 

6,297,963 


5,548,888 


ore  imported,  8, 1 -'7  tons  were  exported.  The 
amount  available  (or  home  use  was  reduced 
by  the  sum  of  these  quantities,  but  a  further 
quantity  of  material  was  available  for  the  furnaces 
in  the  shape  of  purple  ore  from  tiie  cupreous 
pyrites  imported.  From  these  materials  we 
work  up  the  actual  quantity  of  iron-making 
material  last  year  as  follows  : — 

IRON    ORE    AVAILABLC     II 
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The  Welsh  production  was  all  in  Glamorgan- 
shire and  Denbighshire,  and  consisted  of 
46S.405  tons  of  ha-matite  and  25,978  tons  of 
ordinary  and  basic,  in  all  4y4.3^'^3  ''^"s.  The 
following  was  the 

OUTPUT     OF     P:0-IR0N     in     SCOTLAND,     1901. 


Hiunlity  of  ore  produced  at  Imme 
^uantitv  imported 

Purple  ore,  from  cupreous  pyrites 

Total 

Deduct— Britisli  and  foreign 
ore  exported 

Net  quantity  available  lor  consump- 
tion, apart  from  mill  and  forge 
cinders 


UNITED    KINGDOM,     1901 

Tons. 

5,54».8«F 


il<,3F4,2"74 

12,0X2 


18,302,192 


Coiuit> 

Ayrshire 
Ifanarksliire  and 
-Stirling 

Total 


(This  quantity  compares  with  20.882,244  tons  in  H)0O.) 

In  addition,  there  were  962,784  tons  of 
cinders,  etc.,  used  in  some  of  the  furnaces,  so  that 
the  total  quantity  of  smelting  material  available 
was  19,264,276  tons.  In  smelting  this,  16,273,527 
tons  of  coal  were  consumed,  and  the  product  was 
7,928,647  tons  of  pig-iron.  In  1900  8,959,691  tons 
of  pig-iron  were  smelted  from  22,100,774  tons 
of  material  with  18,742,022  tons  of  coal.  The 
following  shows  the  distribution  of  make  : — 


Kngland 

Wales 

Scotland 

Total,  1901 

„       l.JOO 


Kurn.ices 
buill. 

44.^ 
43 
101 

5«7 
•  f)04 


Furnaces 
at  work. 

23«w 
15.'. 
«2}1 

.3.36,'. 
403 1'j 


Pi;;-irt>n 

'  made. 

Ton*. 

6,207,868 

4»M.3«.^ 
'.•.l6,3i/> 

7,928,647 


Now  we  will  analyse  the  English  output  by 
districts  and  qualities  tlnis  : — 


OUTPUT    OF     PIO-IRON     IN     ENGLAND,    1901. 

Couuty. 

Hematite. 

Ordinary 

and 

Basic 

Spietlclciscii, 

Ferro- 

MaoRanne, 

etc. 

Total. 

Ton*. 

Tons. 

Tonii. 

Tons 

Cumberland      .. 

74''.45' 

-'.423 

3">.215 

700,081/ 

Derby  and  Notts 

— 

4.=;7.5'9 

— 

4.=;7..si" 

Oiirliam 

436,.>86 

4i;t),76<> 

24,281 

i/".033 

Lancaster 

524.XO<> 

40."59 

68,028 

ft42,4'>3 

Leicester      and 

Lincoln 

3^1.'/"^ 

— 

321,1/it; 

Monmouth   and 

Kliiil 

134,280 

34..=>5.=; 

3f'.«34 

205.WK) 

Northampton   . . 

36,000 

170,101 

— 

20<l,lOI 

Saliip    

40,(>f>o 

— 

40,<>6o 

\..rtli  Stafford 

22i,.^88 

— 

225.388 

Suuth  Stafford 

— 

-'»3.773 

— 

283.773 

\\  i  ts  and 

Worcester 

57.0W. 

— 

57.0W' 

York.  North  ... 

57V.'J23 

1,222,924 

56,23(> 

1,859,083 

„      N.W.  .  . 

247.00.1 

— 

247.005 

Hvinali  c. 

Tons 

I40..'03 

445,666 

5S5,<yK) 


Ordin.-iry    Spiegelcisen.    tqiji 
and  Bisic.        eic 


Tons. 
184.657 

358,01)0 
.S42.747 


7,680 
7,680 


Tons. 
324,</>0 

8ll,43<> 

i.i36,3i/> 


Taking  the  same  ten  years  with  which  we 
have  dealt  above,  we  now  summarise  the  pig- 
iron  industry  thus : — 


SUMMARY    VIEW    OF    BRITISH    PIG-IRON 


Vcir. 

1892 
1893 

1894 

i.'<i)5 

18.17 

l.S.)S 

is,,., 

I'lOO 
I'lOl 


Kuril.,  .."e> 
in  blast. 

362 
327 
325 
344 
373 
3»o 

37« 

411 

403 

.      33^' 


Pii;.iron 

m.ide. 

Ton'. 

6,709,255 

6,976,<K)0 

7.427.242 

7.703.45'> 
8,65(1,681 

8,70.4<>5 
8,(xx).7i9 
9.421.4.^5 

8.959,''9l 

7,028,647 


Ore 
smelted. 
Tons. 
l'^>..>44-4.54 
16.620,653 
17,803,1)1)8 

18.629,337 
21,204.284 
21,327.013 
20,958,167 
22.820,302 
22,100.774 
H).264,97() 


INOUSTRV. 

Coat  used. 

Tons. 
13,860,161 
i3,.><o6,728 
i4,8S4.!'oo 
15.224,517 
17."  1 4.-174 
17.552.4.10 
I7.l<('>-4.16 
19.061,318 
i.s.742,022 
16,273,527 


Total 


2,4^)0,446    3,612,828      224,5<>4      6,297,8<i8 


Thus  1899  was  the  record  year  everywhere. 
An  idea  cf  how  production  has  been  facilitated 
by  enlargement  of  furnaces,  etc.,  may  be 
gathered  from  the  fact  that  in  1873  it  took  683 
furnaces  to  produce  6,566,451  tons  of  pig-iron 
from  16,820,035  tons  of  ore  with  16,718,532  tons 
of  coal.  It  takes  between  2  and  2>,  tons  of  coal 
to  smelt  every  ton  pf  pig-iron  now  produced,  and 
the  tendency  seems  to  be  to  increase  in  fuel 
consumption  as  lower  grades  of  ore  are  used. 

To  conclude  this  statistical  review  we  now 
show  the  total  quantity  of  pig-iron  available  for 
consumption  here  last  year,  in  addition,  of 
course,  to  the  stocks  : — 

SUMMARY     POSITION     OF     PIO-IRON,     1901. 

'lon>- 
I'roduced  from  British  and  foreign  ore  7,928,047 

Exported     839,182 

Totiil  British  make  7.«8'>.4'>5 

Plus  American  and  other  pig-iron  imported  I95.40'> 

Total  pig-ifon  for  British  consumption  7,284,874 

This  is  less  than  half  the  output  of  pig-iron 
in  the  United  States  last  year,  nearly  all  of 
which  was  consumed  in  America. 


In  a  previous  number  of  this 
Liquid-fuel  Magazine  reference  was  made  to 
Locomotives,  the  important  extension  in  pro- 
gress and  in  contemplation  of 
the  use  of  Hquid-fuel  in  locomotives.  There 
'seems  to  be  little  doubt  that  this  will  prove  a 
prominent  factor  in  the  future  of  railway 
economics.  To  what  extent  its  influence  will 
pro\-e  operative  must  of  necessity  depend  largely 
upon  the  feasibleness  of  cheapening  the  present 
cost  of  delivery  of  the  fuel.  The  entrance  of 
fresh  and  cheaper  sources  of  supply  in  the  case 
of  the  Texas  mineral  oils  has  made  possible  the 
extended  use  of  this  fuel.  It  must  be  remem- 
bered that  when  ilr.  James  Holden,  the  very 
able  and  progressive  chief  mechanical  engineer 
of  the  Great  Eastern  Railway,  devised  his 
admirable  combination  system  for  that  line,  his 
primary  object  was  the  destruction  of  trouble- 
some refuse.  The  tar  resulting  from  the  pro- 
duction both  of  coal  gas  and  oil  gas  at  the  Com- 
pany's works  had  to  be  got  rid  of.  It  had  been 
discharged  into  the  nearest  stream  until  the  local 
authorities  raised  objections  to  the  powerful 
odour,  refusing  to  be  mollified  by  the  prismatic 
colouration  of  the  surface.  The  only  alternative 
course  appeared  to  be  its  consumption  in  a  de- 
structor, but  an  experiment  with  a  stationary 
engine  proved  its  capabihties  as  a  fuel  used  in  the 
generation  of  steam.  But  this  refuse  tar  could 
not  profitably  be  burned  in  engines  fitted  up  like 
the  Russian  and  American  oil-burning  locomo- 
tives for  the  consumption  of  low-flash-point 
mineral  oils.  It  had  to  be  used  in  combination 
with  solid  fuel,  and  this  necessity  proved  the 
mother  of  ^Ir.  Holden's  ingenious  invention. 


Liquid-fuel 

Supplies  and 

Carriage. 


But  the  outcome  has  been  that 
instead  of  having  engines  of 
special  construction  which  can 
only  be  used  with  their  par- 
ticular brand  of  liquid-fuel,  we  have  a  class  that 
can  work  equally  well  with  coal,  and  which,  in 
the  almost  impossible  event  of  a  total  stoppage 
of  liquid-fuel  supplies,  can  be  run  just  as  well 
with  solid  fuel  like  the  Company's  other  engines  : 
the  particular  apparatus  fitted  for  the  use  of 
liquid-fuel  in  conjunction  with  solid  would  offer 
no  obstacle  to  the  exclusive  use  of  coal.  It  is 
this  special  feature  of  the  Holden  method  which 
has  brought  it  into  such  large  use  on  the  railway 
which  was  the  scene  of  its  original  adoption,  and 
which  is  now  opening  out  such  large  prospects 
of  extension.  For  some  years  past  it  has  been 
evident  that,  given  the  necessary  supplies  of 
liquid- fuel  at  a  practicable  cost,  the  system  must 
spread  far  and  wide.  Even  if  liquid-fuel  cost 
somewhat  more  than  coal,  there  would  be  large 
advantages  in  its  employment  owing  to  its 
possessing  the  merits  of  simplicity,  cleanliness 
and  saving  of  wear  and  tear.  It  has  been  tried 
experimentally  on  several  English  railways,  and 
is  understood  to  have  been  virtually  adopted  by 
several  of  their  number.  It  is  no  secret  that  in 
more  than  one  case  it  would  have  been  in  use 
long  ago  had  there  been  any  reasonable  prospect 
that  the  needful  fuel  could  be  obtained  at  a 
practical  cost.  But  the  chief  mechanical  engi- 
neer of  one  line,  who  was  very  anxious  to  adopt 
it.  on  making  preliminary  inquiries,  found  that 
all  the  available  supplies  in  his  neighbourhood 
had  already  been  secured  in  advance  by  the 
Great  Eastern.     It  has  been  the  cheapening  and 
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extension  of  the  fuel  supjilies  by  the  Texas  oils 
coming  upon  the  mafket  which  has  made  it 
jx)ssible  for  other  Itncs  to  bring  the  system  into 
use;  and  present  ai)i)earances  point  to  consider- 
able further  cheapening  when  the  methods  of 
shipment  and  over-sea  conveyance  shall  be 
brought  more  thoroughly  u])-to-date  than  at 
l)resent.  So  far,  the  provisions  for  shipment  are 
of  a  somewhat  primitive  character — a  rather 
surprising  fact  when  one  remembers  that  the 
locality  is  America  ;  also  the  steamers  used  for 
the  trans-oceanic  carriage  are  rclatixely  small 
and  by  no  means  up  to  modern  requirements. 
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Far  larger  vessels  are,  however,  in  course  ol 
construction,  and  it  may  reasonably  be  antici 
])ated  that  a  comjiaratively  short  ])eri6d  will 
witness  very  material  saving  in  tiie  cost  of 
jiroduction  and  conveyance,  bringing  alK>ut  pro- 
portional clica])ening  in  the  cost  of  the  oil  on 
delivery.  But  even  in  existing  circumstances 
the  system  is  understood  to  have  been  adopted, 
not  only  by  the  North-Eastern,  the  London, 
Brighton  and  South  Coast,  and  the  South-Eastern 
and  Chatham  Railways  of  England,  but  also  by 
the  Paris,  Eyons  and  Moditeiranean  and  other 
Continental  lines. 


By  tAC  courtesy  of  Mr.  W.  F.  Pctligreu: 

LIQUID   FUEL  LOCOMOTIVE    USED   ON    THK    KIKNESS   RAILWAY. 

This  Tank  Engine,  fiUed  for  burning  liquid  fuel,  was  built  in  |W>7  by  Messis  Sharp,  Stewart  and  Co.  for 
the  Kurness  Railway,  and  is  used  chietly  to  assist  in  bankinj;  goods  and  mineral  trains  between  I'lumpton 
and  Lindal,  a  distance  of  about  .^i  miles,  with  a  gr.idient  at  some  points  of  i  in  76;  also  between  .V^kam  and 
Lindal,  a  distance  of  5J  miles,  and  gradients  in  i  in  <>y  The  cylinders  .ire  18  in.  diameter,  with  a  J4in, 
piston  stroke.  The  coupled  wheels  are  4  ft.  7jin.  in  diameter.  The  boiler  is  4(1.  2  in.  in  diameter,  and 
its  barrel  is  10  ft.  6  in.  long.  The  length  of  the  tirebox  casing  is  5ft.  6  in.,  giving  a  grate  area  of  15-6 
square  feet,  the  tube-heating  surf.ice  being  1,016  square  feet,  and  that  of  the  lirebo.\  i)$  square  leet,  making 
a  total  of  1,111  square  feci.  The  working  pressure  is  140  lbs.  per  square-inch.  The  water  tanks  have  a 
cap.icity  of  l,003  gallons,  and  the  liquid  fuel  lank  of  .'2<i  galli^ii-  The  total  weiuhl  "f  the  engine  in 
working  order  is  44  tons  14  cvvt. 
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Probable  effect   It  is  manifest  that  if  these  expec- 
on  talions    he   realised,    the    effect 

Eco^norics.  '""*t  1^^"  tantamount  to  some- 
thing very  hke  a  revolution  in 
railway  economics.  For  one  thing,  as  has  been 
already  remarked,  there  will  be  less  wear  and 
tear,  owing  to  the  superior  cleanliness  and 
freedom  from  dust^  and  to  the  diminished  labour 
placed  upon  the  firemen — also,  perhaps,  through 
the  simplifying  of  the  duties  of  both  driver  and 
fireman,  which  may  avert  a  good  deal  of  the 
distraction  of  attention  from  signals,  etc..  which 
is  almost  inseparable  from  the  onerous  character 
of  their  present  duties.  But  beyond  this,  it 
will  in  a  material  measure  eliminate  from  railway 
finance  the  disturbing  element  of  coal  prices. 
A  large  quantity  of  coal  would  of  course  still  be 
required,  even  if  Mr.  Holden's  system  came  into 
universal  adoption.  But  the  quantity  required 
would  steadily  decrease,  and  in  \-iew  alike  of  the 
gradual  exhaustion  of  our  British  coal  supplies 
and  the  prevalent  tendency  to  increase  in  price, 
this  cannot  fail  to  jirove  a  matter  of  substantial 
importance. 

One  hears  so  much  nowadays  of 
The  Clamour  (^j^g  possibilities  and  probabilities 
Electric  Traction,  of  electric  traction,  that  it  is 
curious  to  reflect  how  very  little 
is  really  known  on  this  subject.  "  Electrification 
of  our  railways  "  is  spoken  of  with  a  cheerful  and 
free-and-easy  confidence  as  if  every  difficulty  in 
the  way  of  this  change  had  been  completeh* 
grappled  with  and  thoroughly  overcome.  Yet 
it  would  be  much  more  accurate  to  say  that 
electric  traction,  as  applied  to  railways,  is  still 
in  its  very  tender  infancy.  That  it  can  be  and 
has  been  applied  with  much  success — and  a  few 
mishaps — to  urban  and  suburban  railway  work- 
ing, albeit  to  a  strictly  limited  extent,  is  of  course 
quite  true.  That  its  use  in  thes3  phases  of 
railwaj^  work  will  rapidly  and  steadily  increase 
is  also  virtually  certain.  But  even  allowing  the 
widest  scope  of  possibility  on  the  basis  at  present 
existing,  it  must  be  candidlj'  admitted  by  all  who 
are  thoroughlv  conversant  with  the  necessities 
of  the  case  and  the  obstacles  to  b,e  overcome,  that 
a  very  great  deal  more  has  still  to  be  achieved 
before   any  sane   management  could  prudently 


recommend  the  complete  electrification  of  a 
great  railway  system.  Not  main'  months  ago 
the  question  was  directly  raised  as  to  whether 
the  terrible  overcrowding  and  perpetual  blockade 
of  one  of  London's  most  important  suburban 
railways  might  not  be  remedied  by  the  adoption 
of  electricitv  as  the  motive  power.  The  matter 
was  most  carefully  considered  by  the  engineering 
department,  which  was  inclined  to  be  favourable 
to  the  change  if  proved  feasible.  But  the  lowest 
estimate  of  the  cost  involved  the  expenditure 
of  at  least  a  million  and  a  half  sterling,  which 
could  by  no  possibility  earn  any  e.xtra  revenue. 
With  this  huge  financial  obstacle  on  the  threshold 
of  conversion,  even  in  the  case  of  the  mere 
suburban  section  of  a  leading  line,  it  is  manifest 
that  were  the  field  of  operations  to  be  one  of  the 
vast  main  line  systems,  such  as  that  of  the  Great 
\\'estern.  London  and  North- Western,  or  Mid- 
land, the  financial  probability  would  become  one 
of  gigantic  dimension  ;  thus,  before  even  the 
idea  could  be  seriously  entertained,  the  ruling 
powers^  of  a  great  railway  would  need  to  be 
conclusivelv  convinced  that  the  system  would 
be  not  onh:  in  all  respects  feasible  and  convenient, 
but  also  would  be  a  ver\-  distinct  improvement 
upon  steam  locomotion.  Otherwise  its  adoption 
would  be  in  the  highest  degree  imprudent,  if  not 
suicidal.  That  the  working  of  main  lines  by 
electric  traction  may  become  practicable  in 
the  course  of  time  is  probable  enough,  but  as 
matters  now  stand,  it  would  certainly  be  unwise 
for  railway  companies  to  waste  valuable  time 
and  money  in  extensive  experiments  with  a  new 
and  relativehuntried  system,  instead  of  devoting 
their  attention  rather  to  the  improvement  of 
present  methods,  especially  in  the  direction  of 
getting  as  much  as  possible  out  of  steam  traction. 
Keejiing  this  manifestly  impor- 
British  Neglect  j^ji^t;  aim  in  view,  most  railways, 
Compounding.  '^1''^'-"  •"  Britain  and  on  the  Euro- 
pean and  American  continents, 
are  making  strenuous  endeavours  to  increase  the 
available  power  of  their  steam  locomotives. 
But  the  possibilities  under  this  head  are  un- 
avoidably restricted  by  the  dimensional  limi- 
tations which  rail-gauge  and  load-gauge  impose 
upon    designers.     It     is     therefore     manifestly 
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desirable  to  utilise  to  the  utmost  extent  possible 
the  limited  dimensions  that  are  available.  This 
is  where  the  advantage  of  compounding  conies 
in.  It  does  not  enable  a  larger  boiler  to  be 
employed,  but  it  does  enable  the  steam  supplied 
by  a  boiler  of  given  size  to  be  used  to  far  greater 
advantage,  because  it  is  used  twice  over.  When 
Mr.  F.  W.  Webb  tried  a  four-cylinder  single- 
e.xpansion  high-pressure  locomotive  on  the 
London  and  North-Western,  he  found  that  his 
standard  boiler  could  not  keep  four  15  in. 
cylinders  sujiplied  with  "  live  "  steam.  But  a 
sister  engine,  identical  in  all  respects,  save  in 
being  a  compound,  obtained  ample  steam  from 
the  same  boiler  for  her  two  15-in.  high-pressure 
cylinders,  and  used  it  over  again  with  marked 
advantage  in  her  two  2oi  -  in.  low-pressure 
cylinders.  Consequently  she  proved  a  success 
and  was  multi]>lied  si.xtyfokl,  while  the  other  was 
converted  into  a  compound  also,  and.  as  con- 
verted, has  done  excellent  work.  On  everv  main 
line  in  France,  compound  engines  have  long  been 
working  with  complete  success,  so  too  in  many 
other  countries.  Yet  British  engineers  of  the 
present  day  have  hitherto  j)roved  strangely  shy 
of  adopting  the  compound  plan,  with  the  excep- 
tion of  Mr.  Webb,  who  has  built  nearly  three 
hundred  compound  locomotives  for  the  London 
and  North- Western,  and  very  recently  Mr.  S.  W. 
Johnson,  who  is  trying  twovon  the  Midland  line. 

It    is    not   easy    to  imderstand 
Sporadic         this  British    reluctance    to  em- 

Experlmentftllsa-  ,,,-,, 

lion.  ploy  a  method  which  has  proved 

so  successful  elsewhere.  One 
reason  perhajis  may  be  found  in  that  j^re- 
valent  but  quite  mistaken  idea  that  some 
discredit  attaches  to  a  chief  mechanical 
engineer,  who  adopts  a  system  invented  by 
SDmeone  else,  instead  of  inventing  a  brand- 
new  one  of  his  own.  He  may  fear  that  he 
will  seem  lacking  in  originality  and  initiative 
if  he  advocate  the  adoption  of  another  man's 
method  and  j)erha})s  the  j)ayment  of  royalties 
for  its  use.  It  is  difficult  to  cxj)lain  otherwise 
the  fact  that  so  many  British  locomotive  super- 
intendents have  made  casual  and  sporadic 
experiments  with  comjxjunding,  yet  have  in  so 


very  few  cases  i)roduced  a  successful  result. 
For  it  is  manifest  that  the  practicable  variations 
of  design  ciiniK/t  Ix-  infinite  in  number.  Thr.s  if 
one  thoroughly  successful  method  be  devised, 
and  it  be  deemed  sine  qtu'i  twn  that  new  engines 
to  be  built  must  emplo\-  a  different  method,  the 
balance  of  probability  against  such  variations 
proving  of  superior  or  even  of  equal  effectiveness, 
must  needs  be  heavy.  It  may  be  that  repug- 
nance to  accept  the  initiative  of  a  brother 
locomotive  superintendent  in  the  same  country 
is  natural  enough,  as  that  might  be  thought  to 
invite  disparaging  comparison.  But  there  are 
other  systems  of  compounding  beside  that  of  Mr. 
Webb,  which  tested  by  results,  ha\-e  jiroved  dis- 
tinctly valuable,  such  as  that  of  M.  de  Glehn, 
which  for  several  years  past  has  been  doing  such 
remarkable  work  within  thirty  milesof  the  British 
coast.  Every  Frencii  main  line  uses  engines 
constructed  on  this  principle.  On  most  of  the 
leading  lines  in  France  all  new  express  locomo- 
tives are  of  this  tyjie.  That  it  is  more  costly  in 
construction  is  indisputable,  but  it  constantly 
performs,  as  a  matter  of  every-day  course,  work 
which  is  deemed  sufficient  to  require  two  engines 
on  several  leading  British  railways,  and  no  fewer 
than  1,500  of  these  engines  are  now  at  work  in 
Europe.  Is  it  not  "  passing  strange  "  that  none 
have  yet  been  seen  in  Britain,  where  the  lines 
are  so  seriously  overcrowded,  where  the  engines 
are  so  often  overloaded,  and  where  the  demand 
for  increased  locomotive  power  and  swifter 
clearance  of  the  lines  is  so  urgent  and  incessant 
and  increasing  ? 


A    most    extraordinary    report 
upon    automatic    couphngs.    as 


Automatic 
Couplings 

and  British       yj^^d  on  American  railways,  w.i> 
Obtuseness.  it, 

recently  made   to  the   Lominii 

and  North- Western  Railwaybyone  of  its  official> 
who  had  been  visiting  the  United  States  for  tin 
purpose  of  s^K-cial  inspection  and  comiiarison  "i 
railway  methods.  He  says:  "Persons  wli.p 
argue  in  favour  of  automatic  couplings  in  con- 
nection with  the  safety  of  the  employes,  appi-.ir 
to  have  overlooked  the  fact  altogether  that  the 
shunters  still  have  to  get  Ijetween  the  carriai;!- 
and  waggons    in   order    to    make    connection- 
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between  the  vacuum  pijies  and  any  other  fittings 
that  are  required  throughout  the  train,  and  this 
is  a  much  more  difficult  job  with  the  automatic 
couphngs  than  it  is  with  the  ordinary  screw 
couplings  in  use  on  the  British  railways.  It  is 
;ierhaps  only  fair  to  state  that  the  figures  for 
i()Oi.  whicli  have  recently  come  to  hand,  show 
considerable  reduction  in  the  number  of  em- 
ployes killed  and  injured  in  coupling  and  un- 
coupling " — these  figures  of  course  being  those 
of  American  railways. 

"  A  considerable  reduction  !  " 
A  Curious  Yes,  very  considerable  indeed  ! 
Perversion.  pp,j.  ^]^^^  reduction  amounts  to 
63  per  cent,  in  the  number  of  persons  killed 
and  of  So  per  cent,  in  the  number  of  injured, 
and  this  tremendous  saving  of  life  and  limb 
is,  admittedly,  mainly  due  to  the  adoption 
of  automatic  couplings.  It  is  not  surprising 
that  the  introduction  of  this  most  urgently 
needed  improvement  should  be  delayed  in 
Britain  when  a  prominent  official  of  its  leading 
railway  regards  an  avoidance  of  more  than  half 
the  fatal  accidents  as  merely  a  "  considerable  " 
reduction  in  the  casualty  hsts.  Nor  is  this  the 
■  inly  strange  perversion  implied  in  this  peculiar 
report.  Its  suppressio  veri  is  astounding.  For 
the  enormous  preponderance  of  cases  to  which 
the  comparison  would  apply  is  calmly  ignored. 
It  is  virtually  assumed  that  all  vehicles  on 
British  railways  are  connected  by  screw  coup- 
lings, and  the  fact  is  disregarded  that  the  larger 
number  of  coupling  accidents  occur  with  the 
'  goods  waggons  which  have  not  screw  couplings, 
such  vehicles  numbering  considerably  over  one 
million  !  Another  material  fact  suppressed  by 
the  official  writer  is  that  in  America  the 
'  vacuum  pipes  are  now  made  to  connect 
I  automatically.  These  cogent  facts,  which  are 
suppressed  or  perverted,  either  unwittingly 
or  of  deliberate  intent,  "  knock  the  bottom 
out  of  "  his  whole  argument  against  automatic 


couplings.     More    will    yet    be    heard    of    this 
matter. 

.\  great  deal  has  been  written  in 
Speed  ^\^Q  technical    journals   recently 

Express  Trains.  up">i  t'le  speed  of  express  trains 
in  England  and  on  the  Con- 
tinent, in  which  it  has  been  sought  to  show  that 
in  the  matter  of  speed  the  important  Continental 
express  trains  are  ahead  of  ours.  In  this 
connection  the  following  figures  relating  to 
the  Great  Western  Railway  Company's  express 
run  from  Exeter  to  London  may  be  of  interest. 
On  Wednesday,  the  22nd  October,  the  train 
due  out  of  Exeter  12-5  p.m.  started  ()\  minutes 
late,  and  drew  up  at  Paddington  one  minute  in 
advance  of  time.  The  following  are  the  times 
and  distances  at  the  more  important  points 
on  the  journey,  together  with  the  average 
speed  between  those  points  : — 

.\vcr;igc 
Dist.inces.  speed 

Times.  Miles.  Miles,      miles  per 


E-xetcT 

12.10J 

311 

31-25 

4^57 

Taunton  . . 

12.4') 

754 

-W5 

5'*o5 

Bristol  (Loop)    . . 

1-35 

.^7 

1 1  -25 

45 

Bath 

1.50 

'1163 

2975 

4r.-9S 

Swindon 

2.2>< 

140} 

24 

62-61 

Didcot     . . 

J -51 

158 

17-25 

70-17 

Reading  . . 

>5l 

>75i 

175 

(I6-6S 

Slougli     . . 

;,.2ii 

11)3 

17-5 

06-6S 

Westliourno  P.irk 

.<  .^7l 

Paddin,i;ton 

3.39  (at  rest  at 

plalforni) 

The    average    sp 

eed    over 

the 

whole 

journey, 

that  is  to  say,  from  Exeter  to  Westbourne  Park, 
was  56-3  miles  per  hour,  but  at  times  the  speed 
very  greatly  exceeded  any  of  the  speeds  recorded 
above.  For  instance,  on  the  down  gradient 
just  before  coining  to  Taunton  Station,  the 
speed  for  about  six  consecutive  minutes  was 
nearly  73  miles  per  hour.  This  is  an  excellen 
performance,  more  especially  as  there  were  one 
or  two  slight  checks  by  signal. 
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IV.— COST-KEEPIXG. 


E    have,    in    these 
articles,  fully  demon- 
strated the   import- 
ance of  cost-Ueeping 
in    all    factories    or 
works ;  therefore  the 
system    here    de- 
scribed,   which    has 
been     in     practical 
operation  at  a  large 
engineering     works, 
and  has  been  kindly  commnnicated  through  the 
courtesy  of  Mr.  Albert  E.  Aspinall,  cannot  fail 
to  prove  of  value  in  factory  organisation. 

In  this  case  the  wages  department  is  con- 
trolled by  the  chief  cost  clerk.  The  cost 
department  consists  of  two  sections— i.e.,  the 
Productive  scclioii,  in  which  all  accounts,  stocks, 
and  wages,  connected  with  the  manufacture  of 
the  goods  are  dealt  with,  and  the  Upkeep  section, 
which  concerns  itself  with  the  cost  of  keeping 
up  the  plant,  running  machinery,  making  altera- 
tions and  additions  to  buildings,  and  all  other 
amounts  which  cannot  be  charged  to  any  of  the 
jobs  being  put  through  the  shops  as  a  direct 
debit,  but  which  are  apportioned  at  jtercentagc 
rates. 

METHOD     OF     HANDLING     ACCOUNTS. 

All  accounts  rendered,  after  having  been 
checked  in  the  purchasing  department,  are 
passed  on  to  the  cost  clerk's  department,  where 
they  are  analysed,  and  the  various  amounts 
debited  to  the  proper  accounts  in  the  impersonal 


ledger.    Here  the  direct  debits  are  also  charged 
to  the  various  jobs  on  hand. 

STOCKS. 

It  is  of  the  utmost  importance  that  the  stocks 
of  materials  in  large  engineering  and  other 
works  should  be  kept  in  the  most  perfect 
manner. 

The  principal  stocks  at  the  works  under 
consideration  are  :  (i)  general  stores,  (2)  fuel, 
(_V  pig-iron,  (4)  building  materials,  (5)  ganister, 
{())  limestone,  (7)  tools.  The  various  articles 
required  by  the  departments  are  requisitioned 
from  the  stores-keeper,  by  the  heads  of  depart- 
ments, on  special  dockets,  one  for  each  material ; 
the  stores  clerk  posts  up  the  dockets  and  keeps 
an  exact  account  of  all  stores  received  or 
given  out.  At  stated  intervals  he  examines 
the  contents  of  the  bins  and  pigeon-holes, 
checking  their  contents  by  his  ledger.  This 
method  saves  much  trouble  at  the  annual 
stock-taking,  as  the  ledger  is  kept  posted  up 
week  by  week,  and  prevents  the  disastrous 
running  short  of  articles,  which  may  cause 
delay  in  the  execution  of  an  order  placed 
under  penalty  in  the  contract. 

In  addition  to  the  stores-keeper  and  his 
assistant-clerk,  each  department  has  its  stock- 
keeper,  who  daily  posts  up  all  stores  received 
or  returned. 

TOOLS. 

A  stock  is  kept  of  all  tools  purchased,  and,  in 
the  case  of  large  machine  tools,  amounts  are 
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written  oft  periodically  for  depreciation,  and 
ciiarged  to  the  jobs  in  hand  under  the  head  of 
cost  of  production.  Small  tools  are  handed  out 
as   required,    and  if    lost   by   a   workman   are 


CRUSHING    PLANT    COST    SHEET. 

For  Wcik  eih/iii:;- 


li)0 


Material  CttusHEn. 

T          C.          Q. 

Total  cost 
per  Ton  crushed. 

Matte 
Ore 

Total     

Wage;. 

Amount. 

Totals. 

Cnst  per  Ton 
crushed. 

LABOUR- 

Foreman         

Motormen       

Transporterman          

Labour  in  Crushing  Plant     ... 
Sundry  Labour 

Total        . 

GENERAL- 

Fitters  and  Smiths 
Electricians 

Timekeepers,  &c 

Exceptional  Charges 

Salaries  and  Sundries  . . 

Total 

SUNDRIES- 

Tools              

Castings 

Stores  ... 

Caski 

Bags 

Total      

PROPORTIONATE  CHARGES— 

Electnc  Power            

Light 

Traffic 

Total     

Grand  Total 

usually   deducted  from    liis    wages  in    weeldy 

instalments. 

COST     BOOKS 

or  job  books  generally  allow  job  number  for 
every  job  in  a  contract, 
and  all  items  connected 
with  each  job  bear  that 
number.  The  use  of 
different  coloured  inks 
for  the  wages  posting  of 
each  week  has  been  foiuid 
advantageous. 

A  practical  and  e.xpe- 
rienced  cost  clerk  may 
be  considered  an  invalu- 
able assistant  to  the 
manager,  and  shouldbe 
chosen  with  the  greatest 
care.  He  has  means  at 
his  disposal  for  ascertain- 
ing accurately  at  a  given 
moment  all  data  concern- 
ing cost  incurred  in  any 
department.  The  cost 
clerk  looks  at  all  matters 
from  the  ^  s.  d.  point  of 
view,  and  is  always  on 
the  alert  to  discover  any 
leakage  in  wages  or 
material  in  any  job  passing 
through  the  works  ;  he 
can  detect  any  want  of 
discretion  or  good  judg- 
ment in  the  foreman  or 
others  in  charge  of  any 
specilic  job.  The  cost 
clerk  must  be  a  man  of 
more  than  average  in- 
tellect, and  has  to  figure 
out  the  most  intricate 
problems  of  the  manage- 
ment, which  if  unsolved 
would  seriously  perplex 
and  hamper  the  manager, 
who  is  anxious  that  his 
cost  of  production  should 
show  a  good  margin  for 
protits  and  compare 
favourably       with      past 

\  column  is  provided  on  the 
I  ii;hl-!iand  side  of  sheet  for 
retnarks. 
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records.  The  cost  clerk  endeavours  to  acquire 
as  much  technical  and  practical  knowledge  as 
possible  of  all  the  manufactured  articles  pro- 
duced by  his  firm.  There  is,  in  fact,  no  limit 
to  his  achievements  or  experience. 

Mr.  Aspinall  has  tried,  with  admirable  success, 
a  system  of  weekly  cost  sheets  in  large  elec- 
trically-driven smelting  works,  laid  out  in  the 
following  manner  : — 

On  the  wharf,  which  has  storage  bins  and 
crushing  plant  adjoining,  a  transporter  was 
erected  for  conveying  material  to  the  bins  from 
the  ships'  holds.  Automatic  railways  also  ran 
the  length  of  the  bins,  each  of  which  was  in 
addition  provided  with  a  revolving-table  weigh- 
ing machine,  which  weighed  every  load  before 
skidding  it  into  the  bins. 

Large  crushing  mills  were  erected  in  sheds 
adjoining,  and  the  ore,  crushed  to  the  required 
size,  was  returned  to  the  bins  and  kept  as  stores 
to  be  issued  on  requisition.  The  cost  slieet  of 
the  crushing  department  shows  in  the  top 
section  "  material  crushed,"  the  weight  of  ore 
crushed,  and  the  total  cost  per  ton  for  crushing. 

From  the  analysis  of  wages,  the  various  debits 
were  collected  and  placed  in  the  column  pro- 
vided, together  with  items  of  general  expense 
apportioned  for  the  week.  The  cost  per  ton 
was  worked  out  under  the  headings  of  labour, 
general,  sundries  and  proportionate  charges,  the 
total  giving  the  net  cost  for  crushing.  (See 
figure.) 

All  charges  for  unloading  the  various  ores 
were  at  once  charged  in  the  ledger  account 
against  ores,  to  be  used  as  value  for  ores  at 
stock-taking  times. 

THE     CALCINING     DEPARTMENT. 

This  consisted  of  revolving  plough-geared 
self-discharging  calciners,  from  whence  the  ore 
was  passed  on  to  the  briquetting  department, 
where,  after  being  mixed  with  certain  fluxes, 
the  material  was  put  through  the  briquetting 
press,  and  discharged  by  means  of  a  belt  into 
trucks,  which  conveyed  it  to  the  weighing- 
machine.     It  was  tlien  passed  to  the 

8MCLTINO     DKPARTMENT. 

Here  the  waggons  ot  material  were  raised 
to  charging  platforms  by  hoists,  and  charged 
into  the  furnace  cupola  with  a  proper  propor- 
tion of  flux  and  coke.  The  cupola  was  fitted 
with  two  lips  for  slag  and  for  metal,  and  the 


slag  was  run  out  into  slag  pots,  wheeled  away, 
and  tipped.  The  metal  was  run  off  into  moulds. 
After  cooling,  the  slag  was  broken  up  and 
passed  along  to  the  Siemens'  furnace  or  zinc 
plant  department. 

For  obvious  reasons,  the  cost  sheet  for  the 
smelting  department  also  takes  care  of  the 
calcining  and  briquetting.  The  costs  are,  of 
course,  based  on  raxu  weights,  as  the  lirst  weight 
is  considerably  reduced  after  the  moisture  has 
been  driven  off. 

Each  section  is  treated  in  detail,  as  in  figure, 
which  will  serve  as  a  guide.  Practical  illus- 
trations such  as  these  are  of  more  value  to 
managers  than  any  costly  conference  summoned 
to  ascertain  costs. 

SIEMENS'   FURNACE   OR    ZINC    PLANT    DEPARTMENT. 

This  plant  consisted  of  eight  furnaces, 
designated  by  the  first  eight  letters  of  the 
alphabet.  Here  the  slag  w-as  treated  for  zinc 
contents,  the  fumes  driven  off  being  collected 
in  the  form  of  dust  in  chambers  adjoining. 
The  slag  was  tipped  into  large  steam  self- 
tipping  ladles,  and  dumped  on  to  the  slag  bank  ; 
the  material  recovered  being  passed  afterwards 
through  the  smelling  furnace. 

In  the  cost  sheet  the  same  manner  of  treating 
the  debits  under  different  headings  is  to  be  noted. 

A  glance  at  the  summary  reveals  the  object. 
A  works  manager  would  ask  his  department 
manager  what  material  had  been  put  through 
the  furnace  during  the  week,  what  quantities 
had  been  recovered,  and  what  were  the  costs 
of  production.  The  cost  sheet  provides  the 
answers  in  concise  form,  instead  of  the  usual 
exasperating  appro.ximate  figures  still  tolerated 
in  some  works.     (See  figure.) 

All  company  directors  would  do  well  tj 
demand  ■weekly  comprehensive  working  cost  sheets, 
which  could  be  handed  round  for  inspection, 
affording  ample  scope  for  conference,  and 
insuring  a  greater  proportion  of  profits 
eventually  to  the  shareholders. 

ELECTRIC     POWER     STATION. 

Two  400  kiluw.iti^  D.C.A.C.  .\llis  Crocker 
Wheeler  sets,  switchboard  (two  distributing 
and  two  feeder  panels),  three  batteries,  and 
Babcock  boilers  with  automatic  stokers  weie 
utilised.  The  coal  was  fed  by  gravity  from 
bins  into  the  hoppers  of  the  stokers. 
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The  working  cost  sheet  provides  com- 
plete analysis  of  the  cost  oi  working  the  power 
j-ilant.     (See  illustration.) 

The  foll<iwing  method  is  adopted  for  calcnla- 
ting  the  extensions  and  the  power  and  light 
which  are  placed  on  the  left  hand  side  of  the 
sheet : — 

Total  amperes  X  250  volts  zz  B.T.U. 

1000 

-f-  by  number  of  hours  worked  =  units  per  hour. 

Total  amperes  x  250  volts  =  E.H.P. 

746  ■ 

-f-  by  number  of  hours  machines  have  run 
=  average  units  per  hour.  The  weight  of  coal 
in  lbs.  -7-  by  number  of  hours  engines  have  run 
=  lbs.  of  fuel  consumed  per  hour.  Total  weight 
of  coal  consumed  x  B.T.U.  or  E.H.P.  =  fuel 
consumed  per  unit  hour. 

There  were  in  addition  large  fitting  shops, 
smithy  and  general  stores.  A  well  equipped 
laboratory  adjoined  the  general  offices. 

TIME-KEEPING. 

Without  a  good  s}-stem,  time-keeping  becomes 
a  source  of  great  anxiety  and  worry  to  the 
manager,  and  he  is  continually  troubled  by 
reports  of  discontent  over  the  wages  roll  on  the 
part  of  the  workmen,  who  must  be  made  to  feel 
that  their  time  is  well  and  accurately  looked 
after.  The  following  system  was  in  use  at  the 
works  here  described,  all  departments  of 
which  were  run  with  three  shifts.  An  average 
number  of  750  men  was  employed,  the  check 
system  of  round  and  square  checks  for  alternate 
weeks  being  in  force. 

The  day  men  lifted  their  check  on  entering 
the  works  in  the  morning,  at  breakfast  and 
dinner  hours,  pushing  them  through  the  slot 
indicated  by  the  time-keeper,  who  took  up  a 
position  directly  opposite  the  tally  boards  and 
carefully  noted  that  each  man  only  raised  one 
check  for  himself.  The  tally  boards  had  the 
number  clearly  painted  on  them,  and  the  light- 
ing was  such  that  the  workman  could  at  any 
time  easily  discern  the  number  on  his  check. 
The  foremen  were  provided  with  pocket-books, 
conveniently  ruled,  whicli  they  used  on  alter- 
nate d.iys  for  noting  the  nature  of  the  work 
upon  which  their  workmen  were  engaged. 
These  books  were  deposited  each  evening  in 
the  time  office  to  be  entered  into  the  charging 


books  (ligs.  4a  and  4b).  The  time-keepers,  in 
addition,  went  round  the  works  at  given  times 
during  the  day  checking  against  the  foremen. 

The  time  of  the  shift  men  was  checked  in 
the  same  manner,  and  the  department  managers' 
clerk  took  the  men's  time  independently  and 
checked  it  with  tire  time-keeper.  The  total 
shifts  and  hours  on  any  job  and  the  overtime 
were  totalled  up,  and  tiie  amounts  carried  out 
in  the  extensi(jn  column.  Simplicity,  thorough- 
ness and  reliability  are  claimed  for  this  system, 
and  in  case  of  dispute  ready  reference  is  always 
available. 

FUEL     STOCK     AND     DISPOSAL. 

The  object  of  the  fuel  stock  and  disposal  book 
is  to  record  the  receipt  and  disposal  of  the  whole 
of  the  fuel  needed  for  the  furnaces,  power 
stations  and  other  purposes.  The  figures  are 
checked  up  every  week,  and  the  tonnage  used 
is  debited  to  the  various  departments.  There  are, 
in  addition,  s»;/7/n'(/c-&;7s,  stores  debits,  and  timber 
debits  books  all  ruled  according  to  requirements. 

GENERAL     REMARKS. 

A  smart  manager  will  leave  no  stone  unturned 
until  he  has  obtained  complete  returns  of  the 
cost  of  each  department.  An  efficient  staff  in 
the  costs  department  is  expensive,  but  the 
useful  work  done  amply  compensates  the  firm 
for  the  salaries  paid.  No  factory  should  start 
a  cost  department  unless  it  can  afford  a  tho- 
roughly efticient  staff.  An  expert  cost  clerk 
has  to  study  his  work  morning,  noon,  and 
night.  It  is  well  for  the  manager  to  be  able  to 
turn  over  to  him  the  foremen  who  continually 
come  to  consult  him  on  matters  concerning  the 
jobs  on  hand  ;  with  the  help  of  the  chief 
draughtsman  there  is  little  concerning  the  work 
of  production  which  he  cannot  settle.  This 
will  prevent  many  stoppages  of  work  which 
occur  while  the  foremen  are  waiting' to  consult 
the  manager.  It  is  the  cost  clerk's  business  to 
record  all  such  delays  and  their  cause,  and  to 
charge  the  loss  under  the  proper  heading.  In 
short,  if  a  manager  once  secures  a  good  cost 
clerk,  he  will  find  him  an  excellent  investment. 
In  conclusion,  we  would  say,  take  care  of  the 
costs  and  the  dividends  will  take  care  of  them- 
selves. The  manager  is  responsible  for  the 
output,  and,  indirectly,  for  the  dividends 
also. 
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The    iron    ;md    stec-1    industrii-> 

The  Iron  and  Steel   have  been  very  much  unset  dur- 
Industrles  and     .  "      ,    ■        ,  i 

the  Coal  Strike,  ing  the  past  month  by  the  record- 
breaking  anthracite  coal  strike, 
and  by  the  almost  unjirecedented  harvest  of  grain 
and  crops  in  general.  The  strike  has,  of  course, 
severely  crippled  the  pig-iron  producers  who 
depend  on  anthracite  coal,  and  seems  to  have 
made  itself  greatly  felt  among  the  larger  number 
nf  producers  who  use  coke.  While  the  output 
of  pig-iron  has  been  considerably  less  than  that 
of  previous  months,  there  was  a  demand  that 
could  not  have  been  supplied  even  if  there  had 
l)een  no  strike.  The  resulting  large  importation 
of  pig-iron  is  well  known.  Not  the  least  serious 
portent,  however,  in  connection  with  this  busi- 
ness is  the  threatened  blockade  of  the  railroads, 
which  are  now  heavily  involved  in  moving  grain. 
It  is  believed  in  some  quarters  that  not  only  will 
the  railroad  blockades  e.xtend  throughout  the 
winter,  but  that  the  ordinary  maximum  pro- 
duction of  i)ig-iron  will  not  be  reached  till  spring. 
The  outlook  is  that  large  importations  vili 
continue  throughout  this  period. 

What  has  been  said  regarding  pig-iron  apjilies 
equally  well  to  steel  billets.  The  demand  has 
l>een  much  greater  than  the  supply,  and  a  large 
.imount  of  foreign  orders  are  said  to  have  been 
placed,  particularly  with  German  manufacturers. 
In  this  connection  an  interesting  customs  decision 
was  renciered  in  Philadelphia  resjKXting  the  duty 
on  German  billets.  It  was  asserted  that  the 
duty  should  l)e  based  on  the  cost  of  the  proflucts 
in  Germany,  and  not  on  the  prices  made  sjjecialh- 
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lui  ixjHirt  laisiness.  Exception  has  been  made 
to  this  ruling,  but  as  yet  no  authoritative  state- 
ment has  been  made  public. 

With  regard  to  finished  iron  and  steel,  an 
unusual  state  of  affairs  presented  itself  during 
the  latter  part  of  September.  While  all  the 
])ig-iron  and  steel  billet  establishments  were 
])re.-;sed  to  the  utmost  for  deliveries,  an  over- 
production occurred  in  the  wire,  wire-rod,  pipe, 
sheets  and  tinplate  market.  Quite  a  number 
of  the  mills  have  had  to  close  to  await  a  sutticient 
demand.  In  structural  shapes  the  demand  is 
ver\-  heavy,  and  there  is  much  business  in  mer- 
chant bar  and  steel  plates.  Steel  rails  are  also 
in  very  heavy  demand. 

The  general  condition  of  the  iron  ami  steel 
industries,  as  here  briefly  outlined,  has  called 
attention  to  the  new  state  of  things  in  the  States. 
Whereas  but  a  short  time  ago  Euroi)e  was  looking 
askance  at  the  so-called  .\merican  invasion,  now 
prices  are  generally  high  and  the  country  is 
altogether  occu])ied  in  attempting  to  meet  its 
own  requirements.  The  balance  of  trade  be- 
tween the  United  States  and  Europe  has  changed 
so  much  that  the  term  "  invasion  "  is  becoming 
ridiculous.  According  to  the  report  of  the 
Bureau  of  Statistics  the  excess  of  exports  over 
imiMjrts  was  816,000,000  for  September,  against 
S.55.O00.OO3  for  August.  It  is  interesting  to 
ct)ntrast  the  jieriod  of  low  prices  in  iiSi)8,  when 
.American  manufacturers  sought  business  abroad, 
as  typified  in  the  famous  Atbara  bridge  contract, 
with  the  state  of  things  now  existing,  as 
ni.li.:iii-.I  li\    tile  recent  assertion  that  one-half 
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of  the  jiig-iron  jiroduction  lor  the  first  six  months 
of  1903  has  already  been  sold  at  prices  prolialily 
one-half  as  high  again  as  those  in  the  correspond- 
ing six  months  of  the  present  year. 

The  lormal  opening,  on  October 
power  praiu."    -5th.  of  the  \vater-])o\ver  plant 

on  the  Michigan  side  of  the  St. 
Marys  River  marks  the  completion  of  a  wonderful 
engineering  undertaking,  and  brings  forcibly  to 
mind  the  possibilities  of  foresight  and  endeavour. 
In   1894  the  water-power  rights  of   the   river. 
which  carries   the  discharge  of  Lake  Superior 
into  Lake   Huron,   amounting  to  3,300,000   to 
7,000,000  cubic  feet  per  minute,  were  purchased 
for  what  is  now  the  Consolidated  Lake  Superior 
Company.     Since  that  time  a  varied  number  of 
industries  have  been  established  by  the  compan\-. 
each  addition  owing  its  e.xistence  to  the  desir- 
ability of  meeting  the  needs  of  a  predecessor,  a 
large  industrial  town  has  arisen,  and  two  water- 
power  plants  on  opposite  sides  of  the  river  ha\-e 
been  developed,   yielding  together  80.000   h.]i. 
The  American  plant  is  of  60.000  h.p.  capacit\-. 
and    comprises    320   thirty-three-inch  turbines, 
working  under  a  head  of   something  less  than 
20  ft.  The  water  is  led  to  the  power-house  through 
a  canal  starting  from  a  bay  2,900  ft.  long.  950  to 
220  ft.  wide  and  22  ft.  deep,  cut  in  the  solid  rock. 
The  canal  is  200  ft.  wide,  but  as  it  approaches 
the    power-house,    expands   to    1,400  ft.     The 
power-house  acts  as  a  dam  in  which  the  turbines 
are  located,  and  is  1.36S  ft.  long  and  100  ft.  wide. 
For  its  foundation  1,200  piles  50  ft.  long  were 
required,  and  in  the  construction  of  power-house 
and  canal   1,250,000  cubic  yards  of  rock  and 
3,000,000  cubic  yards  of  earth  were  excavated, 
3.500,000  ft.  of  piling  were  used  and  900,000 
cubic  yards  of  masonry  and  170.000  cubic  yards 
of  concrete  were  constructed. 

The  Des  Moines,    an    armoured 
A  Recent  Addition  cruiser  for  foreign  port  nrotec- 

to  the  United         .  o      r  h 

States  Navy,  tion,  was  launched  on  September 
20th.  at  the  yard  of  the  Fore 
River  Shijj  and  Engine  Compan\-,  Quinc\%  Mass. 
She  is  308  ft.  2  in.  long,  292  ft.  on  the  load  water 
line,  and  44  ft.  broad.  ^  She  has  a  displacement 
of  3,200  tons,  with  a  mean  draft  of  I5:f  ft.      Her 


main  engines,  two  in  number,  are  of  the  four- 
cylinder  triple-expansion  type,  having  4.700 
i.h.p.  :  and  her  boilers,  six  in  number,  are  of  the 
water-tube  type,  provided  with  300  square  feet 
of  grate  surface  and  two  stacks,  70  ft.  high  above 
the  grates.  Her  accredited  speed  is  i6'5  knots. 
Bunker  capacity  has  been  provided  for  700  tons 
of  coal.  The  hull  below  water  and  under  the 
sheet-copper  covering  is  of  Georgia  pine,  bolted 
with  bronze  bolts  to  the  steel  shell.  The  fiat 
deck  is  of  5-16  in.  steel  :  the  slopes,  opposite  the 
engines  and  boilers,  of  2i-in.  nickel  steel.  Her 
armament  will  include  ten  5-in.  50-caliber  rapid- 
fire  guns,  eight  6-pounder  guns,  two  i-pounder 
guns  and  four  Colt  automatic  guns,  besides  one 
field  gun.  Smokeless  powder  is  to  be  used,  and 
the  magazine  will  hold  250  rounds  for  each  of  the 
5-in.  guns  and  500  rounds  for  each  of  the 
6-pounder  guns.  Her  two  masts  will  carry  some 
6.000  square  feet  of  canvas,  and  one  of  them  is  to 
have  a  "  wireless  "  telegraph  attachment. 

The  standardisation  of    the  fit- 
The  standardise-   tings  of  ships  built  for  the  U.S. 

tion  of  Fittings  ^  ^  ^  ■■- ■ 

in  the  U.S.  Navy  navy  by  private  shipbuilders  has 
apjjarently  made  much  progress. 
Referring  to  this  subject  in  his  annual  report. 
Rear-Admiral  Francis  T.  Bowles,  chief  of  the 
Bureau  of  Construction  and  Repair,  says  that 
the  builders,  having  on  their  own  initiative 
organised  a  conference  on  the  subject,  finally 
submitted  plans  of  fittings  which  they  recom- 
mended for  adoption  as  standards.  During  the 
year,  forty-four  such  standards  were  established, 
including  water-tight  manholes,  water-tight  doors, 
air  ports,  coal  scuttles,  deck  lights,  warping  and 
towing  bitts.  lift  and  force  pumjjs.  water-tight 
hatches,  pipe  flanges,  portable  ventilators, 
metallic  ladders  and  boat  da\-its.  In  addition, 
general  specifications  for  electrical  appliances  on 
hoard  ship  have  been  adopted,  together  with 
standard  alloys  of  copper,  tin  and  zinc. 

The   Liquid-Fuel    Board,   which 
fJ?^   ".'^  J"' .  0''   has    been  conducting  an  elabo- 

Fuel    in   Marine  " 

Engines.         rate  series  of  experiments  on  the 

use  of  oil  in  steam  boilers  for  the 

Bureau  of  Steam  Engineering,  has  presented  its 

report,   although  it  appears  that   there  is  still 
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much  more  work  which  it  intends  to  accomplish. 
It  finds  that  a  marine  steam  generator  can  he 
forced  to  as  high  a  degree  with  oil  as  with  coal ; 
that  no  ill  effects  have  iieen  shown  on  the  boiler  ; 
that  the  firemen  are  disiK)sed  to  favour  oil,  and 
therefore  no  impiedimcnt  will  be  met  with  in  this 
respect  ;  that  the  air  requisite  for  combustion 
should,  if  possible,  Ijc  heated  before  entering  the 
furnace,  as  such  action  undoubtedly  assists  the 
vapourising  of  the  oil  jiroduct  ;  that  the  oil 
should  be  heated  so  that  it  can  be  atomised  more 
readily ;  that  when  using  steam  for  atomising 
the  oil,  higher  pressures  are  more  advantageous 
than  lower  pressures  ;  and  that  the  consumption 
of  liquid-fuel  probably  cannot  be  forced  to  so 
great  an  e.xtent  with  steam  as  the  atomising 
agent  as  when  compressed  air  is  used  for  this 
purpose.  This  is  probably  due  to  the  fact  that 
the  compressed  air  supplies  o.xygen  for  the  com- 
bustible, while  in  the  case  of  steam,  the  rarefied 
vapour  displaces  air  that  is  needed  to  complete 
combustion.  Under  heavy  forced-draft  con- 
ditions, particularly  when  steam  was  used,  the 
board  found  it  impossible  to  prevent  smoke  from 
issuing  from  the  stack.  The  average  percentage 
of  steam  required  for  atomising  the  oil  was  about 
4^  per  cent,  of  the  entire  evaporation,  this  per- 
centage slightly  increasing  as  higher  pressures 
were  used,  although,  as  stated,  a  greater  evapo- 
ration was  obtained  under  those  conditions. 

Some  valuable  information  has 
The  Protection  of  recently  appeared  in  the  report 

Steel  by  Portland      ,     ,,         ,  t-       ■ 

Cement.  o'  the  Insurance  Lngineering 
Experiment  Station  at  Boston, 
on  the  subject  of  the  protection  afforded  to  steel 
by  Portland  cement  concrete.  A  considerable 
number  of  tests  were  begun  in  December,  1901, 
by  Mr.  P.  O.  Pearson,  under  the  direction  of 
Professor  Charles  L.  Norton,  engineer  in  charge 
of  the  station.  Both  cinders  and  sand  were  used 
in  different  proportions  with  different  cements, 
and  with  a  considerable  number  of  different 
specimens,  but  in  this  connection  it  will  be  im- 
j)Ossible  to  explain  either  the  character  or 
methods  of  testing.  Suffice  it  to  say  that  where 
neat  cement  was  used,  the  steel  was  found  as 
bright  as  »vhen  put  in  ;  while  in  the  more  [wrous 
iiiivliircs    tlic  ;,t(cl  was  spotted  with  alternate 


bright  and  badly  rusted  areas.  In  both  the  solitl 
and  the  porous  cinder  concrete,  many  rust  spots 
were  found,  excejjt  where  the  concrete  had  been 
mixed  very  wet.  in  which  case  the  watery  cement 
had  coated  nearly  the  whole  of  the  steel  and  j>ro- 
tected  it.  The  conclusions  are  that  concretes, 
to  be  effective  in  preventing  rust,  must  he  dense 
and  without  voids  or  cracks  :  that  they  should 
be  mixed  quite  wet  when  applied  to  metal ;  that 
the  corrosion  in  cinder  concrete  is  mainly  due 
to  the  iron  oxide  in  the  cinders  and  not  to  sul- 
phur ;  that  cinder  concrete,  if  free  from  voids 
and  rammed  wet,  is  about  as  effective  as  stom- 
concrete  ;  that  the  steel  should  be  clean,  scrap- 
ing or  pickling  it,  if  necessary,  or  using  the  sand 
blast.  Professor  Norton  believes  that  the  coat- 
ing of  all  steel  work  with  cement  before  applying 
concrete,  tile,  or  brick  is  an  absolute  essential,  it 
the  formation  of  rust  and  consequent  wcakenini; 
of  the  steel  is  to  be  prevented.  The  thickness 
of  the  cement  layer  need  not  be  great,  but  it 
should  be  a  continuous  coating,  without 
cracks. 

The    attractive    subject   of   fly- 

The  safe  Speeds  of  ^^.^pels  and  their  safe  speeds  has 
Flywheels.  ' 

been    recently    studied   by    Mr. 

William  H.  Boehm,  of  the  Fidelity  and  Casualt\ 
Company.  New  York.  On  the  basis  of  the 
following  formula  for  the  sjieed — that  the  jieri- 
pheral  velocity  of  the  rim  of  the  wheel  in  feet 
per  second  is  obta  ned  by  dividing  the  tensile 
strength  of  the  material  by  its  weight  per  cubit- 
inch,  extracting  the  square  root  of  the  quotient 
and  then  multiplying  by  i'6 — he  obtains  th  • 
following  figures  :  for  cast  iron,  allowing  lo.oon 
lbs.  per  square  inch  as  the  ultimate  strength  ot 
large  castings,  and  adopting  a  factor  of  safety  ol 
10,  a  safe  speed  of  100  ft.  jier  second.  This  is  for 
wheels  in  one  piece.  For  cast  steel,  with  an 
ultimate  strength  of  60,000  lbs.  per  square  inch, 
and  weighing  028  lb.  jier  cubic  inch,  the  safe 
speed,  with  a  factor  of  safety  of  10,  becomes 
233  ft. ;  that  is,  2'66  miles  jier  minute.  For  hard 
maple,  with  a  tensile  strength  of  10.300  lbs., 
weighing  00283  lb.  per  cubic  inch,  and  with  a 
factor  of  safety  of  20,  the  rim  being  built  up  ot 
segments,  the  safe  speed  proves  to  be  154  ft. 
per  minute. 
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One    of    the    most    interesting 
Nitrates  from  Air.  developments  to  report  in   the 

field  of  electricity  relates  to  the 
fixation  of  the  nitrogen  in  the  air.  This  work, 
which  means  the  production*  on  a  commercial 
basis  of  nitric  acid  or  of  nitrates  by  securing  the 
combination  of  nitrogen  and  oxygen  in  the  air, 
has  been  achieved  by  Mr.  Charles  F.  Bradley  and 
Mr.  D.  Ross  Lovejoy,  president  and  electrician, 
respectively,  of  the  Atmospheric  Products  Com- 
panjf,  of  Niagara  Falls.  According  to  details 
recently  given  out,  the  essential  part  of  the 
system  is  a  nitrifying  chamber,  a  cast-iron 
cylinder  about  4  ft,  in  diameter  and  5  ft.  high, 
within  which  138  electrodes  distributed  in  23 
levels  are  revolved  about  a  central  vertical  shaft. 
There  is  a  corresponding  number  of  stationary 
electrodes,  with  which  the  revolving  electrodes 
set  up  arcs,  in  six  vertical  rows  of  23  each.  Six 
air  passages  at  each  of  the  six  rows  of  stationary 
electrodes,  provide  for  drawing  off  the  air  as  fast 
as  it  is  subjected  to  the  influence  of  the  arc. 
The  scheme  is  an  application  of  the  fact  that 
oxygen  and  nitrogen  can  be  made  to  combine  by 
means  of  the  electric  arc.  The  direct  current 
was  found  more  satisfactory  than  alternating 
currents,  ^luiimum  current,  with  minimum 
heat  expenditure,  and  maximum  arcing  surface 
are  obtained  by  separating  the  electrodes  quickly 
after  the  arc  has  been  formed,  which  occurs  with 
the  8,000  volts  used  at  a  distance  of  v«  in.  To 
resist  a  rise  in  current  during  the  early  part  of 
the  arc,  and  to  assist  in  prolonging  it  in  the  latter 
dart,  an  inductance  coil  is  inserted  in  each  circuit. 
The  arc  breaks  when  it  reaches  a  length  of  6  in. 
to  8  in.  The  speed  of  the  central  shaft  is  300 
revolutions  per  minute,  so  that  414,000  arcs  are 
formed  per  minute,  each  of  which  receives  o'oo^ 
ampere.  The  air  passes  from  the  nitrifying 
chamber  through  the  six  channels  to  a  galvanised 
iron  tank,  where  the  nitric  oxide  is  given  time 
to  take  up  more  oxygen,  and  it  is  then  conducted 
into  a  stand  pipe  filled  with  coke.  If  nitric  acid 
is  to  be  formed,  water  is  delivered  into  the  top 
of  the  pipe,  trickling  over  the  coke  :  if  nitrates 
are  to  be  made,  a  solution  of  caustic  alkali, 
potassium  hydrate  for  example,  is  introduced, 
Ak  is  passed  through  the  apparatus  at  the  rate 


of  3  to  4  cubic  feet  per  minute,  and  about  3  per 
cent,  of  the  nitrogen  is  oxidised.  Experiments 
are  now  being  carried  on  to  determine  the  pro- 
])ortion  of  oxygen  to  be  added  to  the  air  that 
will,  as  is  believed,  give  a  higher  percentage. 
The  company  intends  before  long  to  operate  the 
works  on  a  large  scale. 

Recent    accidents    due    to    the 

Improved  Conduits  joint    use'   cif   unik-rgrotnid   con- 
for  Electric  .  . 

Wires,  duit-^.   tor  high   and   low-tension 

elect  ic  distribution  systems  have 
called  forth  a  paper  on  the  subject  by  Mr,  Charles 
F,  Hopewell,  which  was  read  before  the  Inter- 
national Association  of  Municipal  Electricians, 
at  Richmond,  Va,  Faulty  methods  of  construc- 
tion, he  considers,  comprise  all  kinds  of  conduits 
built  of  conducting  material,  such  as  iron  pipes 
or  ducts  with  an  iron  covering,  where  joints 
every  8  ft,  place  the  cable  in  contact  with  iron 
rings  metallically  connected  to  such  iron  covers, 
A  break-down  of  insulation  immediately  charges 
the  entire  conduit  from  manhole  to  manhole. 
He  advocates  the  use  of  non-conducting  and 
permanent  material,  preferably  of  tile  :  single 
ducts,  for  high-tension  wires  ;  the  multiple  type 
for  low-tension  wires.  The  low-tension  ducts 
should  be  laid  on  top  of  the  high-tension  ducts, 
separated  therefrom  by  6  in,  of  concrete  cement. 
The  entire  system  should  be  imbedded  in  3  in, 
of  concrete  with  i-in,  planking  on  top.  One 
set  of  manholes  should  be  used  for  all  high- 
tension  wires,  these  also  containing  transformers, 
and  a  separate  set  for  the  low-tension  wires. 

Some  details  of  a  system  for  the 
Electrolytic  Re-    electrolvtic  refining  of  base  lead 

fining   of  Base 

Lead  Bullion.  bullion  have  recently  been  made 
public  by  Mr.  Titus  Ulke  in  the 
columns  of  the  Engineering  and  Mining  Journal. 
In  view  of  the  highly  satisfactory  results  wliich 
have  been  attained,  a  brief  resume  will  be  inter- 
esting. This  system,  which  was  invented  by 
Mr,  A,  G,  Betts,  has  been  applied  to  a  plant  of  ten 
tons  daily  capacity  at  Trail,  British  Columbia. 
The  depositing  room  contains  20  tanks,  built  of 
wood  and  lined  with  tar.  The  anodes  consist 
of  the  lead  bullion  cast  into  plates  about  2  in. 
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thick  :  the  cathode  sheets,  which  receive  the 
lead  dejxjsit,  are  thin  lead  plates  obtained  by 
electro  deposition  upon  and  stripping  from 
s|iecial  cathodes  o(  sheet  steel.  The  process  is 
based  on  the  easy  solubility  of  lead  in  an  acid 
solution  of  lead  fluo-silicate.  which  possess  both 
stability  under  electrolysis  and  high  conduc- 
tivity. The  electrolyte  is  obtained  by  diluting 
hydrofluoric  acid  and  saturating  it  with  pul- 
verised quartz.  The  electrodes  are  separated 
by  a  space  of  li  in.  to  2  in.  The  fall  in  potential 
is  about  o'2  volt  ;  10  to  23  amperes  per  square 
foot  are  allowed.  One  amjiere  deposits  ySS 
grams  of  lead  per  hour.  At  10  amperes  per 
square  foot,  the  cathode  area  should  be  about 
i.oh'o  square  feet  per  ton  of  daily  output.  The 
total  quantity  of  electrolyte  is  175  cubic  feet. 
It  is  stated  that  each  ton  of  lead  refined  requires 
the  burning  of  200  lbs.  of  coal.  In  the  Bctts 
electrolvtic  process,  nearly  all  the  impurities  in 
the  base  bullion  remain  as  a  more  or  less  adherent 
coating  on  the  anode.  This  residue  consists 
practically  of  all  the  copper,  antimony,  bismuth, 
arsenic,  silver  and  gold  contained  in  the  bullion, 
and  about  10  per  cent,  of  its  weight  in  lead. 
Estimating  that  the  electrolyte  will  have  to  lie 
purified  once  a  jear.  the  amount  to  l^e  purified 
daily  figures  out  less  than  one  cubic  foot  for  each 
ton  of  output.  The  author  of  the  article  believes 
that  the  development  of  electrolytic  lead  refining 
signalises  as  great  an  advance  over  the  fire 
methods  of  refining  lead  as  electrolytic  copper 
refining  does  over  the  old  Welsh  method  of 
refining  that  metal. 

The  coal  production  ol  the  world. 

American  Coal       according  tO  the    Monthlv  Sum- 
Product.  "  ■ . 

mary  of  Commerce  and  rmance 

issued   bv  the   Tn'n^nrv    Bureau   of   Statistics, 


amounted  in  i(»oi  to  866.165.000  short  tons. 
The  shares  in  the  production  held  by  the  leading 
countries  were  as  follows  :  United  States,  34 
per  cent.  :  I'nited  Kingdom.  28  per  cent.  : 
Germany.  i')2  pft-  cent.  In  1868  the  United 
Kingdom  produced  over  three  times  as  much  a- 
either  the  United  States  or  Germany.  Tlu 
anthracite  mining  operations  of  the  United 
States,  which  have  been  much  before  the  jiublic 
on  account  of  the  recent  strike,  are  scattered 
througli  a  narrow  region,  princi|)all\  in  Pennsyl- 
vania, about  qo  miles  long.  The  basins  ar. 
generally  of  considerable  depth,  2.500  toj.ooo  ft., 
with  the  beds  at  an  angle  of  30  deg.  with  thi 
horizontal.  The  seams  are  sometimes  50  ft.  or 
60  ft.  deep,  but  those  of  6  ft.  or  7  ft. 
have  proved  most  satisfactory  as  mining 
propositions. 

Lining  mine  shafts  with  steel. 
Steel  Linings      owin^r  to  the  growinsi  scarcitv  ot 

for  Mine  .      ,  ,         , 

Shafts.  tunber.  has  liecn  the  practice  ot 

the  Oliver  Iron  Mining  Compan\. 
in  Michigan,  for  the  past  two  years.  The  framing 
is  formed  of  rails,  rivetted  together  by  means  of 
angle-irons.  \Miere  there  is  danger  of  small 
pieces  of  rock  falling  into  the  shaft,  old  win- 
ropes  are  employed,  stretched  length-wise  of  thi 
shaft  close  enough  together  to  guard  against 
the  possible  loosening  of  large  rocks.  Where  a 
more  secure  enclosure  was  indisjiensable,  2-in. 
planking  has  been  used.  It  is  understood,  how- 
ever, that  corrugated  steel  is  to  be  used  hereafter 
in  such  cases,  at  least  every  100  ft.,  to  prevent 
the  si>read  of  fire  otherwise  favoured  by  a  con- 
tinuous lagging  of  wood.  No.  16  corrugated 
steel,  which  is  Ai-in.  thick,  is  jjerhaps  the 
strongest  single  thickness  available,  and  it 
t'.ilvanised,  it  should  List  a  loni;  time. 


::^£^Ee:3:^ss3E 


SPACES  MAGAZINE 


An     Illustrated    Technical    Monthly,  dealing   with   the 

Engin;ering,     Electrical,     Shipbuilding     Iron   and     Steel, 

Mining  and  Allied  Industries. 

DAVIDGE     PAGE,     Editor. 

Clun     House.   Surrey    Street.    Strand,   London,    W.C. 

Telephone  Xo  :  3349  OliERARD. 

Tclegrnphic  and  Cable  .Address :  "SIXEWY.  I.OXDOX." 

Editorial. — All  cominnnications  intended  for  publica- 
tion should  he  li'riltcn  on  one  side  of  Ihc  pafcr  only, 
and  addressed  to  •'  TItc  Editor." 

Any  contributions  otfjred,  as  likely  to  interest  either  home 
or  foreign  readers,  dealin»  icith  the  industries  covered 
l>y  the  Magazine,  should  be  accompanied  by  stamped 
and  addressed  envelope  for  the  return  of  the  MSS.  if 
rejected.  When  payment  is  desired  this  fact  should 
be  stated,  and  the  full  name  and  address  of  the  writer 
should  appear  on  the  MSS. 

Correspondence  is  invited  from  any  person  upon 
subjects  of  interest  to  the  engineering  commnnity  In 
alt  cases  this  must  be  accompanied  by  full  name  and 
address  of  the  writer,  not  necessarily  for  publication, 
butas  a  proof  of  good  faith.  Xo  notice  vjhatcvcr  can 
be  taken  of  anonymous  communications. 

The  Editor  does  not  hold  himself  responsible  for  ihc 
opinions  expressed  by  individual  contributors,  nor 
docs  he  necessaiily  identify  himself  with  their  views. 


Subscription   Rates  per  Year. 

Great  Britain  — In  advance,    12s.    for  twelve    months. 

post  free.     Sample  Copies,  Is.  4d.,  post  free. 
Foreign   and   Colonial    Subscriptions.    16s.    for  twelve 

months,  post  free.    Sample  Copies,  Is.  6d.  post  free. 

I^emittances  should  be  made  p.iyable  to  Page's  IIaciazixe,  and 
may  be  'forwarded  by  Cheque.  Money  Order.  Draft.  Post  Office  Order, 
or  Registered  Letter.  Cheques  should  be  crossed  "  LOXDOX  & 
COL'NTY  li.AXK.  Covent  G.irden  Branch."  P.O.'s  and  P.O.O.'s  to 
be  made  payable  at  East  Strand  Post  Office,  London  W.C.  When  a 
change  of  address  is  notified,  both  the  new  and  old  addresses  should 
be  given.  AU  orders  must  be  accompanitd  by  remittance,  and  no 
subscription  will  be  continued  after  e.\piration,  unless  by  special 
arrangement.  S'.ibscribcrs  are  requeste.i  to  give  information  of  any 
irregularity  in  receiving  the  Mag.izin:. 


Advertising  Rates. 

\ll  inquiries  regarding  .Advertisements  should  be  directed  to  "THE 
VERTlSEMEX'r  .MAXAGliR,  Clun  House,  Surrcv  Street.  Stiand. 
1     :id.,n,  W.C." 

Copy   for  Advertisements 

should  be  forwarded  on  or  before  the  3rd  of  each  month  preceding  date 
of  publication. 


The  whole    of  the  contents  of  this  publication  are 
copyright,  and   full   rights  are  reserved. 


OUR    MONTHLY 
RESUME, 


LONDON,  20th  November,  1902. 

.\i.rHorc.H  tiiere  is  no  im- 
Cimt  Sieamors.  provement  in  the  demand  for 
meixhanl  ships,  there  seems  a 
jifowing  demand  for  size.  The  orders  for  the  ' 
two  new  giant  Ciniarders  to  be  built  under  the 
/■  130,000  subsidy  agreement  with  the  British 
Government  have  not  yet  been  placed,  while 
these  lines  are  being  written,  but  it  is  believed 
that  one  will  be  ordered  on  the  Clyde  and  the 
other  on  the  Tyne.  Belfast  is  .out  of  the  run- 
ning in  this  case,  but  Belfast  has  booked  the 
iirst  order  from  the  Morgan  Combine,  who  are 
bound  to  take  all  their  new  ships  from  Messrs. 
Harland  and  Wolff,  so  long  as  that  lirm  can 
supply  them.  And  from  Messrs,  Harland  and 
Wolff  the  Atlantic  Transport  Company,  which 
is  part  of  the  Combine,  has  just  ordered  three 
steamers  of  12,000  tons  each  for  the  traflic 
between  London  and  New  York.  These  boats 
will  have  names  with  the  ''  Minnie "  prelix 
favoured  by  this  Company.  The  Atlantic 
Transport  boats  will  do  the  work  of  the 
Combine  between  London  and  Boston,  while 
the  old  Leyland  boats  will  run  between  Man- 
chester and  Boston.  There  is  no  want  of  activity 
in  shipbuilding  at  Belfast,  and  the  Clyde  yards 
(or  most  of  them)  are  still  tolerably  well 
employed,  though  their  order  books  are  running 
out.  But  in  the  North  of  England  there  is  a 
decided  and  increasing  depression  and  a  gloomy 
outlook  for  the  winter  months. 

It  is  just  a  question  whether  a 
Shipbuilding      i-gduction  in  costs  would  bring 

Prospects. 

forward  a  new  series  of  contracts 
just  now,  or  whether  the  freight  markets  are  so 
low  as  to  discourage  all  building  of  vessels  of  the 
"  tramp  "  order,  which  really  do  the  carrying 
trade  of  the  world.  The  run  of  American  orders 
for  coal  sent  up  freights  from  7s.  to  los.,  or  so, 
from  the  North- East  of  England  to  United  States 
ports.  With  the  termination  of  the  anthracite 
strike,  the  orders  from  America  for  coal  stopped 
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and  freight  came  quickly  back  Ui  7s.  Then 
tlie  shijinicnt  of  pig-iron  was  resumed.  Now, 
if  it  were  not  for  the  American  demand,  it  is 
probable  that  pig-iron  would  be  10s.  or  more 
per  ton  lower  than  it  has  been  for  quite  a 
number  of  months.  If  pig-iron  were  to  decrease 
into  the  lower  "  forties,"  we  might  see  steel 
ship- plates  down  to  a  tempting  price,  but  at 
/"5  los.  per  ton,  less  2.k  per  cent.,  in  Middles- 
bro',  and  £^  15s.  less  5  per  cent.,  in  Glasgow,  they 
are  not  low  enough  to  enable  builders  to  cut 
fine.  It  is  not  likely  that  iron  will  come  down 
much  for  some  months  to  come,  and  it  is  prob- 
able that  shipbuilding  will  be  quiet  all  next  year. 

An    important    development  of 
The  Brown  and  j,  j  j,,    j^as    been  the 

Firth  Combination.  ' 

amalgamation  between  the  ship- 
building and  steel  manufacturing  concern  of 
John  Brown  and  Co.,  Ltd.,  of  Clydebank  and 
Sheffield,  with  that  of  Thomas  p-irth  and 
Sons,  Ltd.,  steel  manufacturers,  Sheflield.  The 
alliance  is  not  a  fusion  of  the  two  companies 
into  one,  but  an  exchange  of  shares,  much  on 
the  same  principle  as  the  formation  of  the 
"community  of  interests"  between  Vickers, 
Sons,  and  Maxim,  Ltd.,  Barrow  and  Sheffield, 
and  William  Beardmore  and  Co.,  Ltd.,  Glas- 
gow. At  all  events,  John  Brown  and  Co.  take 
seven-eights  of  the  shares  of  Thomas  Firth  and 
Sons,  and  pay  for  them  with  their  own  shares. 
As  ordnance  and  gun-mountings  are  made  at 
the  Firth  Works,  the  new  combination  will  be 
able  to  turn  out  a  fully-armed  and  equipped  war- 
ship from  the  raw  material.  It  was  boasted  of 
the  new  American  Shipbuilding  Syndicate  that 
it  was  the  only  concern  in  the  world  that  could 
do  this.  As  a  matter  of  fact  we  have  now 
three  private  establishments  that  can  do  it — 
the  .\rmstrong  Company,  the  Vickers  and 
Beardmore  alliance,  and  the  Brown  and  Firth 
combination. 

A  new  dejiarture  in  shipbuilding 
A  New  since  our  last  notes  is  the  steam 

yacht  Eitterald,  which  Messrs. 
.Mexander  Stephen  and  Sons,  Ltd.,  Linthouse, 
Glasgow,  have  built  for  Sir  Christopher  Furness. 
In  this  vessel  marine  engineere  hope  to  deter- 
mine some  of  the  problems  raised  by  the 
application  of  the  marine  steam  turbine  to  the 


pn)|Hilsi(ni  (li  ocean-going  vessels.  The  Emaohl 
is  not  the  lirst  yacht  to  be  fitted  with  the  new 
type  of  engine,  but  she  is  so  built  as  to  be  able  to 
demonstrate  the  economy  of  fuel  at  low  speeds 
with  steam  turbines,  as  compared  with  recipro 
eating  engines.  At  present,  all  the  vessels  in 
which  turbines  are  used  arc  swift,  and  doubts 
are  entertained  of  the  economy  of  using  turbines 
in  vessels  of  low  speed.  The  Eiiiernlil  is  not 
intended  for  high  speed,  and  as  she  is,  so  far  as 
model  is  concerned,  a  vessel  which  will  compare- 
well  with  others  of  a  similar  type,  the  results  ol 
the  experiment  should  be  of  exceptional  interest. 
The  intention  is  to  obtain  a  rate  of  about 
16  knots  with  an  entire  absence  of  vibration, 
and  an  exceptionally  low  coal  consumption. 
The  Emerald  is  .S36  ft.  in  length  over  all, 
28  ft.  Sin.  in  breadth,  and  18  ft.  6  in.  in  moulded 
depth.  She  has  been  constructed  under  Lloyd's 
special  survey  to  class  100  Ai,  and  has  a  fine 
cut-water  stem,  with  a  beautifully  carved  figure- 
head, a  long  square  stern,  and  a  range  of  teak- 
panelled  deck-houses  extending  amidships  for 
about  118  ft.  A  promenade  deck  from  side  to 
side  of  the  vessel  is  carried  the  whole  length  of 
the  deck-houses,  and  on  it  are  placed  the  boats, 
and  a  large  teak  deck-house  for  deck  lounge 
and  navigating  room.  The  vessel  has  three 
sets  of  steam  turbines,  three  shafts  and  hve 
manganese  bronze  propellers  —  one  propellci 
on  the  centre  shaft  and  two  each  on  the 
side  shafts.  All  these  have  been  supplied 
and  fitted  on  board  by  the  Parsons  Marine 
Steam  Turbine  Company,  Wallsend-on-Tyne. 
The  hull  has  been  specially  strengthened 
to  prevent  any  vibration  in  the  structure  from 
the  great  speed  at  which  the  shafts  will 
revolve.  In  the  engine-room,  besides  the  three 
turbines  and  their  condensers,  and  the  duplicate 
electric-lighting  machinery,  there  are  a  large 
number  of  auxiliary  engines  of  all  kinds.  The 
main  boiler,  which  is  of  very  large  diameter,  is 
fitted  with  Howden's  forced  draught. 

There  is  trouble  in  the  ship- 
ShipbiiiidinB  In  the  building     world     of      America 

United  States  .  1      t-i 

through  want  of  material.  TIk- 
Chief  Constructor  of  the  American  Navy 
states  that  material  and  skilled  workers 
are     not     obtainable     in     sufficient     numbers 
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to  make  satisfactory  progress  with  the  ship- 
building orders  aheady  given  out,  and  this 
applies  to  armour-plating  as  well.  The  battle- 
ship Ohio,  building  at  San  Francisco,  is  twenty- 
nine  months  behind  her  time.  The  Missouri, 
at  the  Newport  Xews  works,  is  reported  to  be 
twenty  months  late,  and  so  with  other  ships, 
ten  months  being  about  the  usual  time  behind 
for  large  ships,  while  torpedo  craft  range  up  to 
forty  months.  The  delay  in  beginning  the 
Virginia,  Peiiiisylvtiiiici,  and  St.  Louis  of  last 
year's  programme  has  been  taken  advantage  of 
to  make  improvements  in  detail,  a  new  system 
for  the  distribution  of  ammunition  being  intro- 
duced. In  his  report,  Admiral  Bowles  records 
substantial  progress  in  the  standardisation  of 
fittings.  In  America  44  details  of  fittings  have 
been  standardised,  and  in  certain  classes  of 
ships  standard  systems  of  ventilation  and 
drainage  have  been  arranged.  The  construc- 
tion department  of  the  United  States  Kavy  have 
arranged  to  regulate  education  in  naval  archi- 
tecture, and  to  offer  opportunities  for  students 
gaining  practical  experience.  The  Commissioner 
of  Navigation  for  the  United  States  reports  that 
during  September  there  were  "  officially  num- 
bered "  as  built  in  the  United  States  123  vessels  of 
43,743  tons,  as  compared  with  119  of  31,469  tons, 
in  the  previous  month.  Of  these  114  of  9,319 
tons  were  constructed  of  wood,  and  9  of  34,424 
tons  of  steel  ;  70,  of  12,708  tons,  were  sailing 
vessels,  and  53,  of  •■3 1,035  tons,  steamers.  The 
bulk  of  the  tonnage — not  less  than  34,530 — was 
contributed  by  Atlantic  and  Gulf  ports,  the 
Great  Lakes  ranking  second  with  7,325  tons. 
The  biggest  vessels  in  the  record  are  Cramp's 
Red  Star  Liner  Finlauil,  of  12,760  tons  gross, 
and  the  Hawaiian  SS.  Company's  Tc.vau,  of 
8,633  tons,  built  at  Camden.  The  most  notable 
ship  in  the  list  is  the  schooner  Thomas  1 1'. 
Lawson,  of  5,218  tons  gross,  which  has 
been  built  at  Quincy,  Mass.  The  aggregate 
for  the  three  months  is  103,421  tons,  as  com- 
pared with  68,395  toris  in  the  corresponding 
period  of  last  year. 

Special  interest  attaches  to  the 
^^"'Znl^sMp^'^^  lenders    submitted    by    United 

States  firms  for  the  building  of 
a    16,000-ton    battleship     for     the     American 


Navy,  as  the  private  firms  are  to  be  now 
compared  with  the  Government  establish- 
ments. The  New  York  Navy  Yard  is  the  first 
American  Government  establishment  now 
awarded  a  contract  for  a  new  warship.  Five 
private  firms  tendered  for  the  building  of  the 
16,000- ton  battleship.  The  Newport  News 
Company,  which  has  got  the  contract,  asked 
;^798,ooo,  and  promised  delivery  in  41  months  ; 
the  New  York  Company  ^808,000,  and  stipu- 
lated 40  months  ;  the  Fall  River  Company,  of 
Quincy  (Mass.)  _^8i7,400,  and  42  months  ;  the 
Cramp  Company  ;^822,8oo,  and  42  months  ; 
and  the  Union  Iron  Works,  of  San  Francisco, 
^^830, 000,  and  42  months.  These  prices  are  all 
higher  than  for  corresponding  work  in  this 
country.  As  to  the  time  required  for  con- 
struction, the  new  battleships  of  the  King 
Edward  VII.  class  will  be  delivered  in  from  33 
to  36  months  from  the  date  of  the  contract.  In 
the  case  of  the  new  United  States  contract  ship 
the  Z,o/(/s/(i;;rt,itis  intended  on  the  part  of  the  Navy 
Department  to  take  careful  records  of  actual  costs 
so  as  to  compare  them  with  the  cost  of  building 
the  sister  ship,  Connccliciit,  in  the  Government 
yard.  The  penaltyfor  late  delivery  is  ;^6o  per  day 
for  the  first  month  and  ;^I20  per  day  after  the 
lapse  of  the  month.  The  speed  is  to  be  eighteen 
knots  for  four  consecutive  hours,  and  the  penalty 
for  shortness  in  speed  is  XrOiOoo  for  the  first 
I-  knot  deficiency  and  ;^"20,ooo  for  the  second 
J  knot,  after  which  it  will  be  at  the  discretion 
of  the  Secretary  of  the  Navy  to  accept  or  reject 
the  ship. 

An  interesting  vessel  has  left  the 
The  •'Scotia."    Clyde  on  a  remarkable  voyage, 

viz.,  the  Scotia,  which  the 
Scottish  National  Antarctic  Expedition  have 
despatched  to  explore  the  South  Polar  region. 
The  Stotia  set  sail  under  the  leadership  of 
Mr.  W'm.  S.  Bruce.  The  ship  was  formerly 
a  Norwegian  whaler  named  the  Hekla,  but 
during  the  past  seven  or  eight  months  she  has 
been  so  thoroughly  overhauled  on  the  Clyde 
that  she  is  practically  a  new  vessel.  She  is 
now  a  barque-rigged  auxiliary  screw-steamer  of 
about  400  tons,  measuring  140  ft.  by  29  ft.,  and 
drawing  about  15  ft.  of  water.  With  her  new 
engines  and  boiler  she  averaged  a  speed  of  over 
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ciglit  knots  at  liLT  trial  trip.  In  spite  of  lier  nn- 
inensc  strength  the  -SVo/m,  whose  wooden  walls 
amidships  are  no  less  than  25  in.  thick,  is  a  well- 
modelled  craft,  with  line  lines  to  meet  the  ice, 
backed  by  nine  feet  of  solid  limber.  The 
leader,  the  capt:iin,  and  the  scientific  staff  are 
accommodated  in  an  after-deckhouse,  the 
officers  in  a  comfortable  cabin  amidships, 
whilst  the  crew  are  quartered  in  the  forecastle. 
The  scientific  work  will  be  carried  on  in  a 
deckhouse  amidships,  the  after-part  of  which 
forms  the  {jalley.  Here  there  is  good  light  for 
those  who  have  to  undertake  delicate  work, 
such  as  with  the  microscope,  hydrometer,  and 
other  finely  graduated  instruments.  A  second 
laboratory,  mainly  for  zoology,  lies  almost  im- 
mediately below  the  upper  one,  between  decks, 
and  is  reached  directly  from  the  upper  labora- 
tory. Adjacent  to  this  is  a  compact  and 
completely-fitted  dark-room  for  photography. 
Between  decks  there  are  two  great  drums,  each 
containing  6,000  fathoms  of  cable.  The  cable 
is  led  up  on  deck  to  a  specially  constructed 
40  horse-power  steam  winch,  thence  over  the 
side  of  the  ship  by  means  of  a  derrick,  for  the 
purpose  of  trawling  and  trapping  in  the  greatest 
depths.  The  roof  of  the  scientific  deck-house 
and  its  extension  in  the  shape  of  a  bridge  form 
a  centre  of  activity  for  the  scientists,  as  this  is 
where  all  the  operations  connected  with  sound- 
ing and  physical  investigation  of  the  ocean  will 
be  conducted.  The  Scotia  is  navigated  by 
Captain  Thomas  Robertson,  of  Peterhead,  who 
has  had  twenty  years'  experience  in  Arctic  seas, 
and  who  has  also  made  a  voyage  to  the  Antarctic. 
The  scientific  staff  consists  of  half-a-dozen 
picked  scientists,  four  senior,  and  two  junior. 
The  Scotiii  makes  first  for  the  Falkland  Islands, 
where  she  will  coal  up  before  plunging  into  the 
Polar  area. 

Steam-driven  winding  engines 
^'"windTnB!"'"  ^""^   notoriously  and"  inevitably 

extravagant  in  their  steam 
demands.  Hence  it  is  that  any  really  efficient 
and  economical  substitute  would  be  heartily 
welcomed,  and  would  give  rise  to  considerable 
excitement  in  mining  circles.  This  is,  therefore, 
a  reason  why  just  now  so  many  mining  men 
are  looking   about   for   the   electrical   winding 


engine,  and  why  so  much  has  been  mooted  of 
late  about  electricity  applied  to  winding,  and 
why  generally  so  many  inquiries  are  being 
made  in  reference  to  this  matter.  For  were 
there  not  electrical  winding  plants  exhibited  at 
Diisseldorf  ?  And,  what  is  more,  plants  like 
those  exhibited,  or,  anyway,  like  some  of  them, 
are  actually  being  installed  in  some  large 
collieries  in  Germany.  The  idea  is  to  generate 
electricity  in  a  central  station  where  steam  may 
be  used  with  triple-expansion,  condensation, 
and  even  super-heating,  and  to  utilise  the 
electricity  for  winding  as  well  as  other  purposes. 
The  central  power  station  is  at  once  the  feature 
and  the  pride  of  many  a  Ge'-man  colliery,  and, 
in  fact,  is  certain  to  astonish  any  visitor  from' 
this  country  by  its  magnitude  and  the  exuber- 
ance of  the  equipment. 

The  largest  electrically-driven 
eL\TJln'Z,.  ^vinding    engine,    and    a    con- 

spicuous  exhibit  in  the  great 
machinery  hall,  but  destined  for  shaft  Zollern  II. 
of  the  Gelsenkirchner  Mining  Company,  has  a 
maximum  capacity  of  2,Soo  h.p.  The  electrical 
portions  consist  of  two  direct  current  motors 
for  500  volt  current,  which  are  mounted  on  the 
same  shaft  as  the  winding  drum  or  pulley, 
and  a  buffer  battery  of  accumulators  numbering 
J 16  elements,  each  containing  nine  pairs  of 
plates,  which  not  only  serves  to  ensure  a  good 
supply  of  power,  but  also  serves  to  regulate  the 
speed,  inasmuch  as  the  elements  are  arranged 
in  groups,  which  can  be  brought  into,  or  with- 
drawn from  operations  as  desired.  A  few 
elements  are  also  set  ajiart  to  serve  for  smaller 
operations,  such  as  changing  tubs,  etc. 

By  these  means  the  speed  can  be 
Attahmbie        increased  or  decreased  in  stages. 

such  as  6i,  13,  16A,  ig.l,  26-33 
feet  per  cecond,  which  is  the  maximum  speed 
to  be  adopted  in  ordinary  practice  to  begin 
with  ;  but  the  presence  of  the  two  motors 
enables  a  still  greater  speed  to  be  attained,  for, 
iiy  coupling  them  up  in  parallel  the  ordinary" 
maximum  can  be  doubled,  giving  increments  to 
39J,  52^-65^  ft.  per  second.  Another  advantage 
of  having  two  motors  is  that  operations  can  gn 
on  with  one  in  case   the  other  is  deranged,  for 
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even  with  a  diminislied  output  it  is  better  than 
stopping  :ihngether.  Of  course,  there  are 
indicators  and  various  safety  appliances, 
whilst  the  m;mipulation  of  the  switches  is 
effected  by  tiic  moving  backwards  and  forwards 
of  a  lever,  as  in  the  usual  course  of  events.  The 
switching  arrangements  being  installed  under  the 
engine-room  floor.  The  Koepe  system,  with  a 
drum  i9.'>  ft.  in  diameter  is  adopted. 


100   tons   of   coal   an    hour    from   a   depth    of 

-\-'97  ft. 

The  factors  in  the  load  are  four 
The  Load.  waggon  loads  of  coal,  each  of 
10  {  cwts.,  together  just  over  2 
tons  ;  tare  of  each  waggon  6:|  cwts.,  together 
27  cwts.  ;  cage  and  accessories  over  3^'  tons ; 
about  2,395  ft-  oi  i.v  inch  rope,  4,;  tons  ;  total 
load  about  12  tons.     Speed,  52 A  ft.  a  second. 


The  work  to  be  done  ultimately 
Work  to  be       •    J    ^vind.six  tubs,  each  holding 

Done.  '  ^ 

iy\  cvvt.,  that  is  together  4  tons 
2.',  cwt.,  from  a  depth  of  1,640  ft.  at  a  maximum 
speed  of  65.'.  ft.  a  second  in  the  quickest  part  of 
the  wind. 

The  second  large  electrically 
Winding  with    operated    winding    engine   was 

Three-phase  ,       ,  .  ,  ■  ^      ■       .  > 

Current.  only  shown  ni  a  drawmg  m  the 
Diisseldorf  Exhibition,  as  it  was 
being  erected  at  Colliery  Preussen  II.  of  the 
Harpener  i^Iining  Company,  and  was  to  be 
finished  about  this  time.  In  this  instance  a 
three-phase  current  is  used  with  the  motor 
again  mounted  on  the  same  shaft  as  the  drum. 
The  current  is  supplied  to  the  fixed  portion  of 
the  dynamo  at  a  voltage  of  2,000,  and  is 
obtained  from  a  central  station,  in  which  there 
are  three  three-phase  generators  each  of  a 
capacity  of  350  kilowatts  W'hen  running  94 
revolutions  a  minute.  They  are  run  in  parallel, 
and  also  provide  current  for  pumping  and  other 
purposes.  They  are  driven  by  an  800  h.p.  twin- 
coupled  horizontal  engine. 

The  regulation  of  the  speed  is 
Speed  Regulation,   effected  by  a  liquid  resistance. 

A  continuous  flow  of  soda  solu- 
tion is  maintained  in  a  vessel  in  which  are  sus- 
pended the  electrodes.  The  bottom  of  the 
vessel  can  be  closed  by  a  valve  ;  the  liquid  then 
rises  in  the  vessel,  and  as  it  rises  the  resistance 
is  diminished  and  the  speed  increased,  or  vice 
irisc'i.  The  valve  is  operated  by  the  chief 
working  lever.  The  variation  of  speed  depends 
upon  the  duty  of  the  circulation  pump,  and  is 
independent  of  the  engine-man.  Koepe  is  here 
again  the  system  employed,  and  the  drum  or 
pulley  is  in  this  instance  also  19.V  ft.  in 
diameter,  and  the  work  to  be  done  is  to  wind 


This  installation  is  reallv  being 
™ouMs''^  put  in  tentatively.  The  elec- 
trical folks  have  full  confidence, 
but  the  mining  men  are  not  quite  so 
confident  ;  consequently  the  latter,  when 
providing  the  building  for  the  winding 
machine,  built  it  sufliciently  large  to  accommo- 
date one  of  those  fine  majestic  steam  winding 
engines  that  attracted  so  much  attention  at 
Diisseldorf.  The  effect  is  very  strange,  the 
electrical  plant  looks  such  a  diminutive  appa- 
ratus in  the  big  hall  intended  for  its  colossal 
rival. 

The  third  striking  electrical 
Friction  Pulleys  winding  engine  produced  in 
Eiecirirwinding.  Germany  has  three  friction 
pulleys  in  one  plane,  each  a 
little  over  8  ft.  in  diameter,  around  which  a 
flat  rope  winds,  passing  under  the  outer  pulleys 
and  o\er  the  middle  pulley,  which  is  placed 
above  the  other  two  and  is  directly  driven  by 
two  motors  mounted  on  the  same  shaft  ;  the 
lower  pulleys  are  driven  indirectly,  the  tension 
of  the  rope  pressing  them  against  the  driving 
pulley.  Direct  current  is  used  at  500  volts,  and 
with  1 15  revolutions  per  minute  the  engine  can 
develop  200  horse-power.  The  starting  and 
regulation  of  speed  is  effected  by  an  inde- 
pendent engine.  The  engine  can  wind  13-;  cwt. 
from  1,312  ft. 

It  is  interesting  to  compare  with 
Modern  steam    ^j^ggg   ^   steam  winding  engine 

Winding  Engine.  ^        ^ 

of  a  recent  type  such  as  was 
also  shown  at  the  Diisseldorf  Exhibition, 
and  an  example  of  which  could  be  seen 
working  at  a  pit  in  the  Westphalian  coal- 
field. The  one  exhibited  is  intended  for  the 
second  shaft  of  the  same  pit  of  the  Harpener 
Mining  Company — that  is,  Preussen  II..  where 
the  three-phase  electric  plant  already  referred 
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to  is  nnw  installed.  This  winding  engine  is  on 
the  Thomson  system,  with  two  spiral  drums  on 
separate  shafts,  which  are  driven  by  an  inverted 
vertical  compound  engine,  ot  which  the  prin- 
cipal dimensions  arc  as  follow  :  Diameter  of 
high-pressure  cylinder,  323  in.  ;  low-pres- 
sure, 45"J  in.  ;  stroke  of  piston,  I02'3  in.  The 
steam  pressure  is  to  be  180  lbs.  The  drums  are 
each  iS  ft.  diameter  at  the  smaller  end,  ^t^  ft. 
at  the  larger  end,  and  11 J  ft.  in  width.  The 
total  weight  of  the  engine  is  470  metric 
tons. 

The  engine  is  to  wind  from 
Duty.  three  depths — these  are  2,625  f'- 

3,281  ft.,  and  3,937  ft.  respec- 
tively, and  the  useful  loads  to  be  drawn 
from  each  depth  are  8  tubs  of  coal  when 
working  from  the  shallower  depth,  6  tubs 
from  the  intermediate,  and  4  tubs  from  the 
maximum  depth.  Each  tub  of  coal  weighs 
II  cwt.,  so  the  loads  will  be  88,  66,  or  44  cwts., 
according  to  circumstances.  The  ma.ximum 
speed  will  be  72  ft.  a  second,  and  the  mean 
speed  33  to  40  ft.  a  second.  It  was  very  im- 
pressive to  see  the  contrast  between  these  rival 
engines  intended  for  similar  work.  But  electric 
winding  can  only  be  regarded  as  barely  incepted ; 
what  may  we  not  expect  ? 

The  salt   mines   of    Aussee,   in 

Electricily  in  the    a      i    •  r         •  1  11       ^ 

Salt  Mine.  Austria,  furnish  an  excellent 
example  of  the  successful  appli- 
cation of  electricity  in  mining.  Power  is 
obtained  from  a  head  of  water  with  a  430  ft. 
fall,  which  works  a  high-pressure  vertical 
tuibine  at  i,ico  revolutions  per  minute,  this  in 
turn  running  a  direct-current  dynamo   also   at 


1,100  revolutions.  The  power  transmitted  into 
the  mine  is  used  for  haulage,  drilling  and 
ventilation.  This  haulage  is  effected  by  a  two- 
axled  mining  locomotive  worked  by  a  (three 
horse  power)  direct  current  dynamo.  The  loco- 
motive makes  eight  journeys  in  a  shift  of  eight 
hours,  travelling  each  time  one  mile  and  drawing 
three  tubs  each  with  6  cwt.  load  ;  so  that  144 
cwt.  of  salt  are  delivered  by  it  during  the  shift. 
The  division  of  time  is  precisely  allotted. 
Of  the  480  minutes  of  the  shift,  40  minutes  are 
allowed  for  going  to  work  and  leaving  work, 
and  30  minutes  for  resting,  90  minutes  for 
cleaning,  lubricating,  testing  breaks,  etc., 
leaving  410  minutes  actual  working  time.  The 
current  also  works  rotary  drilling  machines, 
two  of  2  h.p.  and  one  of  3  h.p. 

A  strange   strike  is  announced 
MininK  Students  from  Leoben  Mining  Academy, 

Strike  for 

More  Work.  '"  Austria.  The  students  have 
become  so  numerous  that  the 
accommodation  has  become  inadequate  and 
lectures  have  been  interrupted,  and  even  dis- 
continued, owing  to  overcrowding.  To  this 
the  students  took  exception,  and  went  on 
strike,  demanding  adequate  accommodation, 
and  a  proper  number  of  lectures.  They  elected 
representatives  to  confer  with  the  authorities 
and  the  district  council,  and  even  the  Govern- 
ment head  officials  have  been  approached,  and 
the  matter  will  receive  attention.  Hut  the 
students  have  been  warned  that  discipline  must 
be  maintained,  and  that  further  breach  might 
lead  to  the  closing  of  the  academy  for  the 
season.  So  peace  reigns  again  in  this  romantic 
corner  of  the  Austrian   Empire. 
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SIR    WILLIAM    PREECE    ON 
RAILWAYS    AND    TELEGRAPHS. 

AT  the  first  ordinary  meeting  of  the  Societ\-  of 
Arts,  held  on  Wednesday.  November  19th, 
the  cliairman.  Sir  ^^'ilHam  H.  Preece,  K.C.B., 
F.R.S.,  gave  an  interesting  address  in  which  he 
dealt  with  the  causes  which  result  in  successful 
or  disastrous  financial  undertakings,  and  endea- 
voured to  show  that  the  commercial  conduct  of 
industrial  processes  arising  from  the  practical 
applications  of  discoveries,  follow  distinct  la\\s. 
which  may  be  said  to  constitute  a  "  science  of 
business."  .After  discussing  the  principles  which 
govern  the  establishment  of  public  companies, 
Sir  William  Preece  proceeded  to  survey,,  from  a 
broad  and  general  point  of  view,  the  progress  of 
certain  industries  in  which  he  has  had  more  or 
less  personal  experience,  dealing  first  with  the 
supply  of  gas  and  water. 

RAILWAYS. 

The  curves  (fig.  i)  show  that  the  commercial 
soundness  of  the  railway  interests  in  the  L'nited 
Kingdom  is  in  anything  but  a  satisfactory  con- 
dition. 

The  mileage  of  railways  open  is  22,078. 

The  capital  invested  is  £1,195,564,478. 

The  revenue  is  £106,558,815  ;   ratio  to  cajjital, 

8"9  per  cent. 
The    expenditure    is   £67,489,739  ;     ratio    to 

revenue,  63"3  per  cent. 
The  profits  are  £39,069,976  ;    ratio  to  capital, 

3*27  per  cent. 
There  is  no  apparent  allocation  of  this  differ- 
ence to  depreciation,  reserve,  or  redemption  of 


capital.  While  capital  is  increasing,  and  the 
growth  of  traffic  both  in  passengers  and  goods  is 
satisfactory,  the  rate  of  growth  of  revenue  is 
stationar\-,  and  the  difference  between  exjien- 
diture  and  revenue  is  seriously  diminishing. 
The  consequence  is  that  dividends  are  also 
diminishing.  This  state  of  affairs  would  bo  very 
serious  if  we  did  not  see  daylight  ahead. 

THE     ELEMENTS     OF     FINANCIAL     DISTURBANCE. 

What  are  the  causes  of  the  present  depression  ? 
The  first  cause  is  unquestionably  Parliament, 
which  legislates  for  the  railway  world  without 
the  least  regard  to  the  science  of  business  or  the 
ordinary  requirements  of  commercial  prudence. 
The  enforcement  of  cheap  fares  and  workmen's 
trains  at  the  expense  of  the  shareholders  is 
pandering  to  a  sentiment,  and  savours  of  a  bribe 
to  catch  votes. 

The  operation  of  the  Railway  and  Canal  Traffic 
Acts  of  1888  and  1892  forbids  our  railways  being 
worked  on  commercial  lines  so  far  as  goods  and 
mineral  traffic  are  concerned.  What  is  to  be 
said  of  a  law  which  places  an  impediment  in  the 
way  of  reducing  rates  by  enacting  that  they  may 
not  be  restored,  if  their  reduction  be  found  not 
to  have  led  to  the  expected  result,  without  lia- 
bility to  an  expensive  law  suit  ?  Or  to  the 
refusal  of  permission  to  restore  the  rate  to  its 
old  figure  without  such  elaborate  proof  of 
change  of  circumstances  as  shall  satisfy  the 
Railway  Commissioners  that  it  is  right  to  do 
so  ?  Other  industries  could  not  live  if  exposed 
to  such  conditions,  and  their  effect  is  most 
detrimental  to  our  railways. 

The    Board    of     Trade    is  ceaseless    in    its 
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appiication  of  new  regulations.  Tlie  result  ot  the 
control  of  this  Department  has  been  most 
beneficial  to  the  safety  of  the  travelling  public. 
The  lives  saved  annually  are  untold.  We  have 
every  reason  to  be  jiroud  of  the  security  of  our 
lines.  IJiit  the  finances  of  our  railway  com- 
panies have  been  sadly  dislocated  by  this  en  forced 
incessant  e.xjienditure,  and  our  managers  are 
much  exercised  to  determine  what  to  charge 
to  caj^ital.  and  what  aLrainst  annual  revenue. 

LOCAL     TAXATION. 

The  local  authorities  and  municipalities  also 
arc  insatiable  in  their  unscrupulous  assess- 
ment for  local  ta.vation.  The  growth  of  this 
drain   on   the   resources   of   the   companies   is 


second    masters.     It    this    were    submitted    to. 
chaos  and  bankni]itcv  would  be  the  result. 

THE     COMPETITION     OF     ELECTRIC     TRAMWAVS. 

The  railways  are  now  subject  to  a  very 
serious  cnmi>etition  in  the  introduction  of 
electric  tramways  in  their  suburban  districts. 
The  .American  railway  companies  ha\-e  recog- 
nised this,  and  they  have  not  only  electrified 
their  suburban  lines  but  they  have  developed 
a  tramway  system  themselves  to  act  as  feeder 
to  their  own  system,  and  to  enable  them  to 
close  stations  and  transfer  jiassenger  traffic  to 
street  tramways. 

.■\utomobiles  will  also  certainly  interfere 
with  ])assenger  traffic. 
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alarming.  The  taxation  of  railways  has  in- 
creased 75  per  cent,  in  the  last  decade,  while 
that  of  the  whole  community  has  increased 
only  39  jK'r  cent. 

Trade  unionism  has  generated  a  serious 
labour  trouble.  Shorter  hours,  greater  pay,  and 
enlarged  staff  arc  very  desirable  for  the  men 
themselves,  but  these  advantages  are  not  to  be 
acquired  if  they  lead  to  financial  deadlock  and 
to  the  disregard  of  the  dictates  of  commercial 
law.  The  men  cannot  oliey  two  masters,  nor 
can  the  first  masters  submit  to  the  external 
inaii.ii'ciiHiit  (>f  their  hii-inc~>  li\  >clf-L()nStitule(l 


RAILWAY     COMPETITION. 

But  the  must  serious  element  of  financial 
disturbance  is  competition  among  the  great 
railway  companies  themselves.  The  demand 
lor  increased  speed  and  greater  comfort  has 
led  to  new  stations,  big  hotels,  larger  loco- 
moti\'es,  superior  coaches  of  greater  capacity, 
heavier  rails,  straightened  curves,  revised 
gradients,  and  reduced  distances.  Capital  has 
\y&tn  increased  without  the  productive  increase  of 
traffic  or  earning  jwwer,  for  the  expenditure 
is  caused  chiefly  by  the  necessity  to  hold  one's 
own. 
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THE     REMEDY. 

Now,  what  is  the  remedy  ?  I  am  no  belie\Tr 
in  the  conception  that  electricity  is  to  be  the 
panacea  for  every  evil.  There  is  little  sign 
at  present  of  our  being  able  to  work  main  lines 
economically  b\'  electric  traction.  When,  how- 
ever, a  line  worked  by  steam  is  congested,  and 
you  can  get  no  more  trains  through,  as  it  is  on 
our  Metropolitan  underground  lines,  and  as  it 
is  on  many  suburban  lines,  then  electric  traction 
comes  in  to  increase  the  speed  of  running,  to 
enlarge  the  carrying  capacitv  of  the  line,  and  to 
reduce  the  working  expenses. 

The  true  remedy  is  co-operation  and  com- 
bination among  the  great  railway  companies 
th.emselves,  and  if  the  railway  companies  do 
not  realise  this  fact,  and  set  to  work  to  put 
their  houses  in  order,  they  will  find  that  the 
last  and  least  desirable,  but  most  effective 
measure  will  be  enforced  upon  them  by  public 
opinion — the  financial  control  of  the  railways 
bv  the  State. 


TELEGRAPHS. 

Fig.  2  is  a  diagram  of  the  business  of  the 
Electric  and  International  Telegraph  Company 
from  the  year  1857  to  its  transference  to  the 
Government.  It  shows  steady  progress  and 
financial  prosperity,  following  the  logarithmic 
curve.  The  Government  made  a  good  bargain 
in  its  purchase  :  it  is  the  fashion  to  depreciate 
this  purchase.  Indeed  it  is  the  inalienable 
right  of  virtually  half  the  British  race  to  decry 
the  action  of  the  other  half.  Facts  have  no 
effect  on  party  bias.  The  ;^5,7i5,ooo  paid 
bv  the  Government  for  the  telegraphs  are  now 
worth  £30.000.000.   and  no  one   believes  it  ! 

Fig.  3  shows  the  growth  of  this  General  Post 
Ofticf  business.  It  also  obeys  the  logarithmic 
law.  There  is  no  capital.  Everything  is 
charged  to  revenue.  The  working  expenses 
are  apparently  very  high,  but  if  they  were 
taken  as  they  should  be,  at  a  fair  commercial 
figure,  sav  57J  per  cent.,  the  profit  would  be 
considerable. 
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TELEPHONES. 

The  tcleitlionc  business  ol  tins  country 
defies  diagramatic  analysis.  It  has  had  a 
curse  upon  it  irom  its  first  introduction.  It 
is  now  in  a  state  of  chaotic  confusion.  It 
has  been  the  shuttlecock  of  politicians,  and  the 
football  of  local  authorities.  Tiie  attcmj)t  to 
force  it  on  the  municijjalities  is  likely  to  ]>rove 
a  failure.  Tunliridge  Wells  has  lamentably 
broken  down.  It  is  an  imperial  business,  a  part 
and  j)arcel  of  the  business  of  the  Post  Office, 
and  the  only  jiossible  solution  of  the  present 
deadlock  is  for  the  Government  to  cut  the 
Gordian  knot  and  take  over  the  business  in 
1911. 

DEDUCTIONS. 

In  all  well  conducted  businesses  jirofit  is 
usually  distributed  to  meet : — 

1.  Depreciation — which  is  a  term  applied  to 
the  diminution  of  the  value  of  the  plant  as  a 
whole,  due  to  time  and  work  acting  upon  it.  and 
finally  causing  its  complete  decay. 

2.  Renewals — which  is  a  term  apjilied  to  the 
periodical  replacement  with  new  materials  of 
the  parts  of  the  plant  that  .wear  out  most 
rapidly. 


^  Reserve — which  is  a  fund  invested  outside 
the  business  formed  as  a  s|)ecies  of  insurance  to 
be  ]>re]iared  for  emergencies,  accidents,  anil 
fires,  and  to  meet  what  we  call  in  England 
antiquation  of  plant,  or  what  they  call  in  tlu 
United  States  betterment  of  plant. 

4.  Redi- motion — which  is  the  formation  of  ii 
sinking  fund,  in  the  course  of  time  wijiing  ont 
the  capital  raised  by  loan  or  subscription. 

5.  Dividends  and  bonuses — which  are  the  ilis- 
tribution  to  shareholders  in  cash  of  the  surphi-; 
of  the  profit  earned. 

Sound  finance  means  a  ]iroj)er  appreciation 
of  all  these  points,  and  a  due  and  proper  alloca- 
tion of  a  portion  of  the  annual  revenue  to  meet 
each  requirement.  Practice  is  very  variable. 
Different  businesses  require  different  treatment. 

In  electrical  industries  depreciation  and 
renewals  must  be  continuous,  and  must  be 
the  first  charge  against  revenue.  Electric 
jjlant  must  be  maintained  in  absolute  jierfect 
order  up  to  the  Ijilt,  otherwise  it  fails  to  be 
productive,  and  rapidly  becomes  very  ineffi- 
cient. Hence  depreciation  and  renewals  are 
])rovided  for  in  the  ordinary  annual  main- 
tenance expenditure.  Reserve  f u  nd  is,  however, 
essential    in    all    growing    businesses,    and    the 
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soundness  of  the  financial  control  is  shown 
more  by  the  condition  of  the  reserve  fund 
than  by  any  other  monetary  sign. 

MUNICIPAL      UNDERTAKINGS     AND      T:HE      REDEMP- 
TION    OF     CAPITAL. 

Redemption  of  capital  is  a  compulsory 
feature  of  municipal  undertakings,  erected 
with  capital  borrowed  under  the  authority 
of  the  Local  Government  Board.  The  rate  at 
which  the  loan  is  redeemed  is  determined  by 
the  nature  of  the  work  undertaken.  The 
present  rule  is  for — land,  60  years  ;  ,  buildings. 
30  years ;  machinery,  15  years  ;  electric 
mains,  30  j-ears.  No  dividends  or  bonuses  are 
allowed  in  such  municipal  industries.  The 
profits  are  de\oted  to  the  amelioration  of  the 
rates,  but  in  all  businesses  established  by  private 
enterprise  under  the  Limited  Liability  Act  the 
surplus  profits  are  distributed  as  dividends  and 
bonuses. 

THE     FORMATION     OF     RESERVE     FUNDS. 

The  formation  of  a  good  reserv-e  fund  is 
imperative  in  all  undertakings  dependent  on 
moving  machinery-,  for  invention  is  so  prolific 
and  improvements  so  rapid  that  antiquation  is 
scon  reached  and  betterment  needed.  It  is 
also  necessary  in  the  case  of  private  undertakings 
established  under  the  Tramways  or  under  the 
Electric  Lighting  Acts,  for  in  those  cases  at 
stated  periods  the  municipality  has  the  power  to 
take  possession  of  the  business  at  its  then  value 
of  the  plant,  and  no  allowance  is  made  for 
goodwill  or  compulsory  purchase.  Sound 
finance  seems  to  show  by  experience  that  2\  per 
cent,  on  the  capital  is  about  the  average  amount 
that  should  be  allowed  annually  to  form  a 
substantial  reserve. 

There  are  risky  adventures,  like  submarine 
cables,  where  larger  amounts  should  be  put 
aside.  The  Eastern  Telegraph  Company  is 
an  admirable  instance  of  sound  finance.  It 
has  been  in  existence  for  thirty  years.  Its 
invested  general  reserve  fund  amounts  to 
£1,164,673  2S.  2d.  Its  capital  is  £10,249,170. 
Its  gross  revenue  is  £1,200,000. 

THE       NECESSITY      FOR       UP-TO-DATE       MACHINERY. 

The  value  ol  scrappuig  is  not  appreciated  in 
England.      In  America,  when  a  new  process  is 


introduced,  which  effects  considerable  economy 
in  production,  it -can  be  shown  by  simple  calcu- 
lation that  it  is  wise  and  commercial  to  sweep 
away  the  old  plant  and  install  the  new  :  and 
this  is  done.  English  manufacturers  are  most 
tenacious  of  old  machinery.  I  have  seen  old 
Boulton  and  Watt  machinery  at  work  that 
absorbed  annually  an  excess  of  coal  and  oil 
costing  sufficient  money  to  have  justified  its 
removal  a  generation  ago.  But  it  is  in  the 
increased  rate  of  production  that  justification 
for  scrapping  comes  in. 

The  American  does  not  wait  until  a  machine 
is  .worn  out  before  condemning  it.  As  soon  as  he 
realises  the  fact  that  up-to-date  machinery 
will  save  him  in  time  and  labour  enough  to 
justify  new  plant,  away  goes  the  old  plant,  and 
the  value  of  the  new  is  soon  repaid  bv  greater 
production.  In  the  majority  of  cases  the ' 
"  betterment  "  of  machinerj?  is  charged  against 
revenue,  but  it  is  easy  to  justify  its  charge 
against  capital  if  the  value  of  the  increased 
production  exceeds  the  interest  on  the  sura  of 
the  capital  invested  in  the  old  and  in  the  new 
plant.  However,  the  judicious  manufacturer 
should  be  fortified  with  a  reserve  fund  to 
provide  against  antiquation  and  provide  for 
betterment. 

CO-OPERATION     AND     COMBINATION. 

There  seems  something  radically  wrong,  from 
a  scientific  point  of  view,  in  some  of  these  gigantic 
"  combines  "  that  have  originated  in  the  U.S.A. 
It  is  startling  to  find  that  each  holder  of  £1,000 
in  the  White  Star  Line  will  receive  £14,265  for 
his  share  from  the  new  .Atlantic  Shipping  Com- 
bine. Upon  what  capital  is  profit  to  be  dis- 
tributed which  will  enable  the  new  holder  of 
£14.265  to  be  as  happy  as  the  late  holder 
of  £1,000  ?  Whence  are  the  new  profits  to 
come  ? 

It  is  not  even  clear  where  the  money  is  to 
come  from  (or  the  traffic  to  pay  that  money)  to 
gain  any  profit  whatever  on  the  millions  pro- 
jected to  permeate  the  soil  of  London  with 
"  tubes." 

On  the  other  hand,  combinations  and  co- 
operative societies,  associated  with  a  judicious 
system  of  management,  must  offer  considerable 
economic  advantages  in  encouraging  production, 
maintaining  fair  prices,  securing   good  markets, 
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and  adjusting  a  margin  between  expenditure 
and  revenue  which  will  satisfy  buyer  and 
selkr. 

The  kev  of  commercial  success  is  the  discovery 
or  construction  of  a  new  market,  aided  by  a  cheap 
and  reliable  mode  of  distribution.  The  parcel 
post  is  the  most  etficient  means  at  our  disposal 
to  distribute  the  products  of  home  industries 
throughout  the  United  Kingdom.  Every  town 
and  every  house  thus  becomes  a  new  market. 
W'c  have  to  educate  heads  of  families  in  these 
tacts  ;  and  this  can  be  done  by  societies  and 
local  industrial  exhibitions.  Advertising  is  now 
a  science. 

WANTED     A     BETTER     CONSULAR     SERVICE. 

The  crying  demand  of  our  countrymen  abroad 
is  for  representatives  who  will  make  the  interests 
of  the  British  merchant  their  own.  What  the 
merchant  wants,  to  secure  him  an  equal  chance 
for  business  with  the  rest  of  the  world,  is  broad- 
minded  and  energetic  Consuls,  and  from  the 
facts  I  have  detailed  above,  it  would  seem  as  if 
there  existed  sound  cause  for  recommending  a 
great  deal  of  the  American  method  in  the  con- 
stitution and  working  of  a  new  commercial 
Consular  service,  whose  motto  should  be. 
"  English  Trade  and  Commerce,  First,  Last,  and 
all  the  Time." 

The  Germans  have  an  admirable  Intelligence 
Department  all  over  the  world.  If  any  electric 
development  is  foreshadowed  or  suggested  in 
arv  one  of  our  colonies,  especially  those  in 
which  my  firm  acts  as  consulting  engineer,  we 
at   once   receive   intimation   of    the    fact    from 


Germany  and  often  from  America.  \Ve  never 
once  have  recei%'ed  similar  information  from 
any  British  source ! 


THE  EFFECT  OF  SEGREGATION  ON 
THE  STRENGTH  OF  STEEL  RAILS. 

\  T  a  meeting  of  the  Society  of  Engineers _ 
■^*-  held  at  the  Royal  United  Service  Institu- 
tion, Whitehall,  on  November  3rd,  a  paper  was 
read  on  the  above  subject  by  Mr.  Thomas 
Andrews,  F.R.S..  M.Inst.C.E.,  F.C.S. 

The  author  observed  that  in  the  course  of  his  wide 
experience  as  consulting  analytical  chemist  and  metal- 
lurgical testing  engineer  to  several  English  railway 
companies,  he  had  had  exceptional  opportunities  of  .study- 
ing some  of  the  sources  of  weakness  leading  to  the 
fracture  of  steel  rails.  In  order  to  more  fully  investigate 
on  a  large  scale  some  of  the  causes  of  the  loss  of  strength 
in  such  rails,  he  undertook  a  careful  research  on  the 
effect  of  segregation  on  Hie  strength  of  steel  rails. 

Some  idea  of  the  magnitude  of  the  experiments  will  be 
obtained  when  it  is  stated  that  they  have  taken  nearly 
seven  years  to  carry  out,  and  that  in  the  course  of  research 
complete  chemical  analyses,  physical  tests  and  high  power 
microscopic  examinations  have  been  made  on  a  very 
considerable  number  of  steel  rails,  the  samples  experi- 
mented mion  having  been  selected  from  large  bulks  of 
rails  as  supplied  to  various  railway  companies. 

The  general  results  of  the  research  have  shown  the 
importance,  in  the  interests  of  the  public  s;ifely,  of 
railway  companies  having  careful  chemical,  physical,  and 
microscopic  tests  regularly  made  on  rails,  selected  from 
the  bulk  after  delivery  to  the  railway  companies,  prior  to 
their  going  into  main  line  service,  so  that  a  tendency  to  a 
locally  segregated  chemical  composition  may  be  detected 
and  avoided.  Much  may  be  done  in  avoiding  a  segrega- 
ted condition  in  rails  by  having  them  made  in  accordance 
with  the  author's  chemical  and  physicil  specilication 
and  tests. 
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ELECTRO  MAGNETIC  ORE  PREPARATION. 

A  NOTEWORTHY  feature  at  the  Diisseldorf 
Exhibition  were  the  plans,  shown  by 
the  Maschinenbau-Anstalt  Humboldt,  of  the 
electro-magnetic  ore  preparation  plant  for  the 
Snn  Fix  tin  mines,  Spain,"  remarks  Engineer  Fr. 
Frrilich,  of  Berlin,  in  a  paper  to  the  J'crein 
Dculscher  Ingeiiicure. 

The  ore  from  the  washery  is  first  dried  in  a 
hot  coil,  the  steam  given  off  being  drawn  away 
liy  a  fan.  By  means  of  a  bucket-chain  the  coil 
delivers  the  dried  fire  into  a  SkbtromiucJ,  or 
screening  drum,  wiih  3-millimetre  (barely  i  in.) 
holes,  what  does  not  pass  through  being  crushed 
between  rollers  and  again  brought  up  to  the 
screen.  The  ore  that  passes  through  is  then 
separated  in  another  screening  drum  into  grains 
of  three  sizes,  each  being  further  treated  inde- 
pendently. The  separators  are  electro-magnets, 
through  whose  magnetic  field  the  ore  is  led  by 
a  band  travelling  on  rollers ;  and  these  inagnets 
are  in  each  case  arranged  three  together,  one 
behind  the  other.  The  separated  particles  are 
taken  off  by  cross  bands  that  are  brought  up 
under  the  magnet  poles,  while  what  remains, 
wliich  is  less  magnetic,  is  dealt  with  a  second 
time  by  more  powerful  magnets. 

The  plant,  which  has  been  in  operation  witii 
good  results  since  the  beginning  of  the  present 
year,  is  so  compact  that  it  occupies  but  little 
groimd  space. 

LIGHT,  HEAT  AND  POWER  FROM  ALCOHOL. 

npHE    international    competition   of    motors 

■^       and  other  appliances  utilising  methylated 

alcohol  for  industrial  purposes,  lately   held   in 


Paris,  formed  the  subject  of  two  communica- 
tions to  the  Socictc  des  Ingcnieurs  Civils  ilc 
France,  one  by  M.  G.  Cotipan  on  motors,  and 
the  other  by  M.  G.  Arachequesne  on 

LIGHTING     AND     HEATING. 

The  recent  exhibition,  he  observes,  was  a 
decided  triumph  for  appliances  using  debased 
spirit  for  producing  heat  and  light  ;  and  tlie 
main  question  as  to*  the  possibility  of  lighting 
by  alcohol  is  now  settled,  leaving  only  the  best 
solutions  of  that  problem  to  be  discussed  from 
the  standpoints  of  safety  and  economy.  The 
degree  of  safety  against  lire  and  explosion  has 
been  greatly  increased  ;  and  it  is  not  too  much 
to  say  that  at  present  alcohol  appliances  entail 
less  danger  from  explosion  than  do  those 
burning  gas  or  petroleum  spirit,  while  the 
alcohol  flame  is  more  easily  extinguished 
(by  water,  generally  at  hand),  than  is  that  of 
rock-oil. 

Whether  for  lighting  or  heating,  the  alcohol 
must  be  burnt,  which  is  an  easy  matter  ;  but  the 
combustion  is  due  to  two  different  principles 
(i)  direct  ignition  of  the  liquid  spirit,  and  (2) 
ignition  of  the  spirit  previously  vaporised. 
Appliances  depending  upon  the  first  of  these 
principles  may  be  again  divided  into  those  with 
((7)  open  vessels,  in  which  the  spirit  is  ignited 
directly  ;  (h)  closed  vessels  in  which  it  is 
ignited  at  the  end  of  a  cotton  wick  ;  and  (<) 
vessels  in  which  it  is  ignited  after  having  been 
previously  absorbed  by  a  porous  substance. 

Appliances  burning  alcohol  previously 
vaporised  are  practically  gas-works,  in  which 
the  retort  and  pipes  are  replaced  by  a  small 
boiler  where  the  spirit  is  turned  into  gas  ;  but 
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what  distingutslics  one  from  another  is  the 
method  of  feeding,  wliethcr  by  vvick  or  pressure, 
and  especially  tiie  mode  of  heating.  Indeed, 
it  is  the  mode  of  heating  which  permits  of 
sulvdividing  these  appliances  into  four  classes, 
according  :'.s  the  spirit  is  vaporised  by  (</)  a 
permanent  pilot-llanie  ;  {e)a  shunt,  or  subsidiary 
flame  ;  (/)  its  own  (lame  ;  or  (g)  regeneration 
by  conduction. 

Conformably  with  theory,  heating  and 
lighting  appliances  that  burn  carburised 
alcohol  are  more  economical  than  those 
utilising  the  spirit  simply  debased,  which 
should  be  preferred  for  domestic  purposes 
owing  to  its  higii  degree  of  safety,  whereas 
tlie  former  is  to  be  recommended  for  use  under 
pressure,  for  intensive  public  lighting,  and  for 
automobiles,  especially  in  cold  climates. 


MOTIVE     POWER. 


Trials  of  explosion  motors  soon  showed 
(observed  M.  Coupan)  that  the  volume  of  air 
incorporated  with  the  combustible  substance 
exerts  a  marked  inlluence  on  the  motor's 
economical  working,  and  that  the  utilisation  of 
the  combustible  is  at  its  maximum  when  the  pro- 
portion of  air  in  the  explosive  mixture  is  appre- 
ciably greater  than  that  given  by  calculation 
according  to  the  chemical  reaction.  So  long, 
however,  as  gas,  petroleum,  shale,  etc.,  were  the 
only  combustible  substances  practically  em- 
ployed for  explision  motors,  no  attempt  was 
made  to  exactly  determine  the  proportions  in 
which  the  substances  should  enter  into  the 
explosive  nii.xture  for  ensuring  complete  utilisa- 
tion ;  but,  directly  attempts  were  made  to 
substitute  alcohol  for  raw  or  rectified  petro- 
leum, it  became  necessary  to  study  the  phe- 
nomena characterising  its  combustion,  because 
unexpected  difficulties  were  encountered,  such 
as  the  fouling,  setting  fast,  and  even  corrosion 
of  the  valves. 

It  appears  from  the  united  investigations  of 
M.  Sore!  and  M.  Ringelmann  that  the  combus- 
tion of  alcohol  can  never  be  absolutely  complete, 
however  perfect,  as  regards  the  proportion  of 
combustiiile  and  supporter  of  combustion,  l\v 
the  composition  of  the  explosive  mixture,  appre- 
ciable traces  of  acetic  acid  being  always  found 
in  the  exhaust  products.  This  is,  however,  but 
a  minor  difliculty,  as  the  consequent  loss  of 
alcohol  is  very  slight  ;  and  this  acid  does  not 


appear  to  corrode  the  parts  of  tiic  motor,  at  aii\ 
rate  while  working,  while  lubricating  the  cylinder 
after  each  stoppage  is  sufficient  to  prevent  th*.- 
corrosion  due  to  prolonged  contact  between  the 
metal  parts  and  the  condensed  products  con- 
taining acetic  acid. 

Analyses  of  the  exhaust  gases  have  shown 
that,  witiiout  the  proper  proportion  of  air,  part 
of  the  hydrogen,  and  especially  of  the  carbon, 
contained  in  carburised  or  unc.arburised  alcohol 
is  entirely  unutilised,  the  loss  being  specially 
high  in  light  fast-running  engines.  In  heavy 
motors  the  combustion  was,  in  most  cases,  found 
to  be  practically  perfect  when  the  proportion  of 
air  in  the  explosive  mixture  was  17  times  that 
theoretically  necessary ;  but  above  and  below  this 
proportion  the  combustion  was  imperfect,  tlic 
degree  of  utilisation  becoming  more  and  more 
defective  as  the  theoretical  proportion  w;i~- 
approached.  Accordingly,  whatever  be  the 
mode  of  regulating  the  motor,  the  carburiser 
should  be  capable  of  sending  into  the  cylinder 
a  quantity  of  alcohol  corresponding  with  the 
best  degree  of  carburisation,  determined  in 
accordance  with  the  cylinder's  capacity,  account 
being  also  taken  of  the  excess  of  air  normally 
required  for  the  combustion. 

The  carburiser  preferred  by  the  author  is 
one  which  automatically  injects  the  requisite 
quantity  of  alcohol,  ///  a  liquid  stale,  into  a 
chamber  where  the  volatilisation  and  mingling 
with  air  are  effected  ;  and  the  organ  for  injec- 
tion, or,  more  correctly,  mechanical  distribution, 
should  be  susceptible  of  regulation,  so  as  to 
permit  of  determining  empirically  the  exact 
quantity  of  alcohol  nccesssary  for  each  explo- 
sion, while  leaving  every  latitude  for  use  in  the 
motor  of  various  kinds  of  combustible  substances. 
Provided  well  -  designed  carburiseis  and 
vaporisers  be  employed,  M.  Coupan  concludes 
that  alcohol  may  be  regarded  as  a  good  agent 
for  producing  mechanical  energy. 


DETERMINATION  OF  A   COALS  HEATING 
POWER. 

C'«ALORIMETKIC  determinations  by  the 
■'  Mahler  shell  have  often  shown  great 
divergence  between  actual  calorific  powers 
and  those  found  by  calculation  with  the  aid 
of  formulie  proposed  up  to  the  present 
time,   all    of    which    have    been    successively 
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abandoned  by  M.  Goutal  .whose  note  on 
the  subject  was  brought  before  the  Paris 
Academy  of  Science  by  M.  Adolphe  Carnot) 
on  account  of  their  inaccuracy  or  their  being 
based  on  delicate  and  complicated  deter- 
minations. Inasmuch,  however,  as  t!ie  ascer- 
taining of  a  coal's  calorilic  value  by  simple 
calculation  appeared  to  possess  a  certain  indus- 
trial interest,  the  author  endeavoured  to  establish 
a  relation  between  this  calorilic  value  and  the 
results  afforded  by  actual  testing— /.t'.,  by 
calcination,  incineration  and  dessication— for 
determining  the  tixed  carbon,  the  volatile 
m.itter  and  the  humidity. 

.Mter  having  experimented  with  600  samples 
of  coal  from  various  sources,  M.  Goutal  became 
convinced  that  tiie  results  may  be  expressed 
with  near  approximation  by  the  formula — 

P  =  82  C  -f  flV, 
in  which  P  is  the  calorific  value  sought,*  C  the 
j-iroportion  in  hundredth  parts  of  fixed  carbon,  V 
that  of  the  volatile  matter,  and  a  a  variable 
multiplier,  function  of  the  volatile  matter  con- 
ten!,  y,  free  from  ash  and  water,  w-liile 

\    =  100 

C  -fV 

For  experimentally  determining  the  value  of 
(/  for  various  fuels,  the  author  constructed  a 
graphic  diagram  from  the  results  of  his 
numerous  tests,  taking  the  volatile  matter  con- 
tents, V',  for  the  abscissa;,  and  the  corres- 
ponding values  of  n,  deduced  from  the 
calorimetric  combustions,  for  the  ordinates,  this 
co-eflicient  assuming,  for  volatile  matter  con- 
tents of  5,  10,  15.  20,  25,  30,  35,  and  40,  the 
re^pective  values  of  145,  130,  117,  109,  103,  9S, 
')[,85,  and  80  calories.*  For  the  anthracites  a 
is  represented  by  a  constant  equal  to  100 
calories,  the  formula  becoming 

1'  =  82  C  -f  100  V. 
In  thus  calculating  the  calorific  power  of  a 
il   the  error  rarely  exceeds  i  percent,  of  the 

The  author  01   this  pajiui-,  M.  k..  Goutal,  head  ui   ihe 

.  iiiical  laboratoiy  at  the-  Paris  School  of  Mnies,  has 

idly  exphiincd   that,   although  the   calorilic  power  of 

lU  is  jleiierally  (in  France)  given  in  calories  per   kilu- 

^r.iinme,    this    is    not    the   case  for   the  values   of    ii   in 

(.[uestion.     The    latter    correspond    with    the    results   of 

analyses   expresseil   in  lunidredth  parts — in   the  present 

case  i,ooo-i-  100  =  10  !j;ramnies  djOZ.).     To  render  these 

values  comparable   with   the  usual   measurements  they 

must  therefore  be  multiplied  by  100,  giving  14,500,  13,000, 

11,700,     io,t;oo,    10,300,    (),Xou,  (),400    8,500,    and    8,000 

calories  per  kilogramme.     For  obtaining  the  equivalent 

British    thermal    units   it  is   suliicient   to   multiply  these 

figures  bv  rS. 


re.d  value  ;  but,  as  an  exception,  it  is  greater 
than  2  per  cent,  in  the  case  of  some  anthracites 
and  some  lignitous  coals,  the  value  of  which 
can  only  be  ascertained  by  the  c  ilorimeter. 

The  mean  calorific  power  of  pure  anthracite 
is  8,250  calories  per  kilogramme  (14,850  B.T.U. 
per  lb.)  ;  that  of  the  anthracitous  coals,  for 
which  V  varies  from  5  to  10  per  cent.,  is  8,550 
calories  per  kilogramme  (15,390  B.T.U.  per  lb.); 
and  it  attains  a  maximum,  8,700  calories  per 
kilogramme  (15,660  B.T.U,  per  lb.),  in  the  case 
of  coals  for  which  V'  is  comprised  between  10 
and  30  per  cent. 

It  follows  thai  the  calorilic  value  of  coals 
increases  in  inverse  ratio  to  that  of  their 
volatile  matters  up  to  the  limit  content  of  30, 
after  which  the  calorilic  value  of  natural  fuels 
and  that  of  their  volatile  matters  decrease 
together. 

ALUMINOTHERMY. 

'TpHIS  term  is  given  by  Dr.  Hans  Goldschmidt, 
-*■  of  Essen-an-der-Ruhr,to  a  process  applic- 
able to  the  reduction  of  metals  and  heating  of 
metal  parts,  which  is  founded  on  exothermic  reac- 
tion, progressive  and  practically  spontaneous  ; 
and  the  name  was  chosen  because  aluminium  has 
been  found  to  be  the  metal  of  moderate  cost 
which,  owing  to  its  af^nity  for  oxygen  or  the 
high  degree  of  heat  given  out  during  its  com- 
bustion, best  serves  in  most  cases  as  the 
reducing  agent  in  practical  applications  of  the 
process.  '  According  to  Herr  Strauss'  investiga- 
tions the  combustion  heat  of  aluminium  is  7,140 
calories  per  kilogramme  (12,852  B.T.U.  per  lb.), 
coming  immediately  after  liydrogen,  34,200 
calories  (61,560  B.T.U.),  and  carbon,  8,317 
calories  (14,970  B.T.U.),  being  greater  than 
that  of  the  other  metals  or  metalloids.  Alu- 
minium may,  how^ever,  and  must  even  in  some 
cases,  be  replaced  by  another  metal,  so  that  the 
tield  covered  by  aluminothermy  is  more  exten- 
sive than  that  implied  by  the  terin. 

PRINCIPLE     OF     THE     PROCESS. 

If  with  a  pulverulent  metallic  comiiound — 
oxide,  sulphate,  etc. — be  intimately  mi.xed  a 
metal  in  the  state  of  powder  whose  affinity  for 
oxygen,  sulphur,  etc.,  is  greater  than  that  of  the 
combined  metal,  and  if  the  mixture  be  heated, 
so  soon  as  the  mass  attains  a  certain  temper- 
ature depending  on  the  nature  of  the  substances, 
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a  reaction  with  disengagement  of  heat  will  take 
pi  ice  ;  the  oxy.vienated  or  sulphated  substance 
will  be  decomposed,  and  the  metal  that  was  in 
combination  will  be  set  free,  while  the  oxygen 
or  sulphur  will  combine  with  tlie  free  metal. 

This  would  appear  to  be  a  metallurgical  pro- 
cess suitable  for  extracting  metals  from  their 
ores  without  coal  ;  but  the  reaction  is  so  violent 
as  to  throw  forward  to  waste  part  of  the  sub- 
stances, while  rapidly  destroying  the  receiver 
containing  the  mixture.  Dr.  Goldschmidt  has, 
however,  found  that  this  difficulty  ceases  if, 
instead  of  heating  the  whole  mass,  the  reaction 
be  merely  set  going  by  raising  a  point  in  the 
mass  to  the  desired  temperature.  With  a  suit- 
able mixture  the  heat  given  out  by  the  local 
reaction  thus  produced  is  sufticient  to  raise 
neighbouring  parts  to  the  reaction  temperature, 
so  that  the  action  of  the  reducing  metal  is 
gradually  propagated  throughout  the  mass 
without  any  extraneous  heat. 

APPLICATIONS. 

Although  this  process  is  of  comparatively 
recent  invention,  its  applications  are  both 
numerous  and  varied  ;  and  it  has  now  entered 
into  current  practice  for  welding  metal  parts,  the 
repair  of  forged  and  cast  objects,  the  making  of 
complete  spare  parts,  and  the  production  of 
metals  and  alloys  free  from  carbon.  By  the 
reaction  of  aluminium  on  the  o.xides  this 
process  also  produces  artihcial  corundum  as  a 
by-product ;  and  Dr.  Wolff  lately  proposed  to 
apply  it  to  the  production  of  calcium  carbide 
without  employing  the  electric  current. 

PRINCIPAL  ADVANTAGES. 

1.  The  metals  and  alloys  produced  by  this 
process  are  free  from  impurities,  especially 
carbon,  since  that  element  does  not  enter  into 
the  reaction  mixture.  It  is  also  asserted  that 
they  are  almost  free  from  aluminium,  which 
circumstance  is  all  the  more  remarkable  because 
that  substance  is  classed  among  the  metals 
that    can    most  readily  be  allied  to  others. 

2.  The  inventor  claims  that,  by  employing 
suitable  oxides,  the  highest  possible  tempera- 
tures may  be  obtained  without  cumbrous 
appliances,  while,  on  the  other  hand,  the  sul- 
phates afford  the  low  temperatures  that  may  be 
required  for  some  applications. 


3.  It  is  possible  to  exactly  determine  before- 
hand, and  within  the  widest  limits,  the  heat  to 
be  given  out  by  the  reaction,  its  degree  only 
depending  on  the  nature  and  quantity  of  the 
substances  present,  and  also  to  regulate  the 
temperature  obtained,  th:»t  depends  on  the  heat 
given  out  and  the  mass  of  matter  over  which  it 
is  distributed. 

CONCLUSIONS. 

These  observations  are  contained  in  a  com- 
munication to  the  French  Civil  Engineers'  Sociely 
by  M.  H.  Berlin,  who  went  on  to  describe  in 
detail  the  modes  of  practically  applying  the 
process,  dealing  inter  alia  with  the  substances  to 
be  employed,  starting  the  reaction,  casting,  pre- 
paration of  the  metals  and  alloys,  autogenous 
welding  and  welding  with  thermit,  as  also  their 
advantages,  and  concluding  that  Dr.  Gold- 
schmidt's  discovery  is  probably  destined  to  take 
an  important  pl.-xce  in  metallurgical  practice. 


SUPPRESSION  OF  BELTS    FOR   DRIVING 
DYNAMOS.   ETC. 

AXT'ITH  an  intermediate  shaft  for  driving,  the 
^  ^  pulleys  require  frequent  attention,  while 
the  belts,  having  indifferent  adhesion,  slip  and 
sag,  so  that  the  efficiency  is  low  ;  and,  in  the  case 
of  electric  lighting,  the  light  is  inconstant,  with 
the  well-known  disadvantages  attending  this 
defect.  By  suppressing  the  intermediate  shaft, 
however,  a  constancy  of  light  may  be  obtained 
that  is  otherwise  only  obtainable  by  the  use  of 
accumulators.  Strangely  enough,  when  the 
motor  is  a  gas  engine,  the  belts  are  relied  upon 
to  compensate  for  the  irregularity  of  its  work- 
ing ;  and  this  compensation — the  curing  of  one 
evil  by  another  —  has  been  characterised  by 
Professor  Witz  as  "  mechanical  honuvopathy.'' 

A  simple  and  efticient  method  of  driving, 
observed  M.  Defays,  in  a  communication  to  the 
Soiiele  Iniluslrielle  du  Xoni  ile  la  Iranie,  is  that 
devised  by  M.  Denis,  of  Saint-Quentin,  who 
employs  friction  pulleys  of  silicated  cardboard, 
that  have  the  great  advantage  of  domg  away 
with  loose  pulleys,  owing  to  which  belts  are  apt 
to  slip  off  ;  and  the  success  he  obtained  in 
driving  turbines  led  him  to  extend  the  use  of 
these  cardboard  pulleys  to  dynamos,  fans,  centri- 
fugal jnimps,  etc.      Thanks  to  the  arrangement 
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of  carriage  on  which  tiie  driving  pulley  is 
mounted,  and  which  is  fed  up  by  screw  and 
hand-wheel,  both  starting  and  stopping  may  be 
effected  gradually  and  without  shock. 

In  the  case  of  a  dynamo  receiving  its  motion 
from  a  shaft,  a  cast-iron  pulley  on  the  latter  is 
brought  into  contact  with  the  silicated  cardboard 
pulley  on  the  dynamo  shaft,  plate  springs  being 
interposed  to  render  shock  impossible  ;  and 
with  this  arrangement  the  speed  can  be  increased 
without  the  use  of  belts  or  spur  gear. 

Hitherto  only  small  powers  have  been  trans- 
mitted by  this  method  ;  but  the  author  is  of 
opinion  that,  if  the  lengths  of  contact  be  made 
proportional  to  the  efforts,  considerable  powers 
may  be  transmitted.  As  a  rule,  a  larger  [pro- 
portion of  power  is  transmitted  by  friction 
pulleys  than  by  belts  of  the  same  width  and 
speed.  M.  Denis'  dynamo,  that  was  installed 
with  intermediate  shaft,  had  to  run  at  1,350 
revolutions  ;  but  when  friction  pulleys  were  put 
in,  the  speed  was  reduced  by  150  revolutions 
for  the  same  voltage. 

THE     CARDBOARD     PULLEY     DIMENSIONS 

are  determined  by  the  formula 


/ 


-■>  3 


/  being  the  pulley's  width,  equal  to  its  diameter; 
e  the  power  to  be  transmitted,  and  ;/  the  number 
of  revolutions,  while  the  co-eflicients  were 
found  by  trial  for  powers  up  to  10  h.p.,  with 
speeds  of  r,ooo  to  i,joo  revolutions  per  minute. 

APPLICATIONS     OF     THE     METHOD. 

An  application  that  at  once  suggests  itself  is 
that  to  reducing  the  speed  given  by  steam 
turbines;  and  a  centrifugal  pump  maybe  driven 
directly  with  great  saving  in  hrst  cost.  At  the 
Paris  Exhibition  of  1900  some  Marinoni 
printing  machines  were  driven  directly  at  80 
revolutions  liy  a  dynamo  making  i,Joo  revolu- 


tions per  minute  ;  and  M.  Denis  has  a  fan  that 
has  been  driven  by  his  method  for  more  than 
ten  years,  during  which  the  friction  cone  has 
only  been  renewed  once. 

For  driving  a  drilling  machine  at  variable 
speed,  friction  cones  of  curved  contour  are 
used,  one  of  them  being  canted  so  as  to  obtain 
contact  at  such  a  point  as  shall  give  the  required 
speed,  while  the  method  is  also  applied  to 
electric  cranes  and  wood-working  machinery. 


THE  NEW  RUSSO-FINNISH  ELECTRIC  RAILWAY 

THKSt.  Petersburg  /  Vc</;/;().s//pLiblishcs  detaih 
of  the  projected  long-distance  electric 
railway  between  St.  Petersburg  and  the  Fall  of 
Imatra,  in  Finland.  A  concession  has  been 
granted  for  the  building  of  an  electric  railway 
to  the  Finno-Russian  frontier,  but  the  Finnish 
Senate  is  now  considering  the  petition  of  Mr. 
A.  L.  Von  Knorring  to  continue  this  line  for  a 
total  distance  of  165  kilometres  to  Imatra.  For 
the  first  20  versts,  to  the  village  of  Yokka,  the 
line  will  be  double,  the  remainder  of  the  dis- 
tance having  a  single  line.  The  limit  of  speed 
is  put  at  78  kilometres  an  hour,  or  an  average 
of  60  kilometres,  including  stoppages.  This 
will  enable  the  distance  from  St.  Petersburg  to 
Imatra  to  be  covered  in  2'}  hours.  The  local 
traffic  between  St.  Petersburg  and  Yokka  will 
be  carried  on  in  separate  four-wheeled  car- 
riages, each  equipped  with  an  independent 
motor,  and  carrying  thirty  persons,  while  the 
long  distance  traffic  will  be  carried  on  in  eight- 
wheeled  carriages,  holding  fifty  persons  each. 
On  the  shorter  journey  a  carriage  will  be 
despatched  every  live  minutes,  and  to  Imatra 
one  every  hour.  The  goods  traffic  will  be 
transported  in  similar  separate  waggons,  but 
will  be  despatched  only  during  the  night.  The 
estimated  cost  of  the  railway  is  put  at 
10,000,000  marks. 


50nE  BOOKS  OF  THE   HONTH. 

In  this  department  special  attention  will  be  paid  to  all  books  dealing  entirely  or  In  pan  with  subjects 
within  the  purview  or  the  Magazine.  While  space  will  be  given  for  expressions  of  opinion  on  books  or 
papers  of  general  interest  which  may  be  submitted  for  that  purpose,  contributors  will  please  remember 
that  this  column  is  Intended  in  the  main  for  reviews  of  technical  books  dealing  with  the  Engineering. 
Electrical.  Shipbuilding,  Iron  and  Steel,  Mining,  and  Allied  Industries.  The  address  of  the  publisher  and 
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■PLAIN   FACTS   AS   TO  THE  TRUSTS  AND  THE 

TARIFF 
By   George    L.    Bolen.       Macniillan    and    Co. 
451  pp.     6s.  6d. 

nPHE  author  has  succeeded  in  gathering  to- 
-'■  gether  in  the  form  of  a  readable  volume 
many  valuable  facts  concerning  the  present  day 
trust  and  the  operation  of  the  American  tariff. 
An  attempt  has  been  made  to  present  the  most 
salient  points  of  the  question  in  form  suitable 
for  the  busy  every  day  reader.  Mr.  Bolen 
commences  with  a  brief  sketch  of  the  origin 
and  purposes  of  trusts,  and  after  discussing  their 
varied  possibilities  for  good  and  evil,  he  jiro- 
cceds  to  describe  the  working  of  the  various 
monopolies,  with  special  reference  to  railways 
and  municipal  trading.  Concerning  the  railroad 
problem  in  America,  he  says  : — 

Is  our  railroad  service  perfect  in  every  respect,  needing 
ni)  attention  from  the  pulilic  ?  No,  the  agitalion  against 
il  has  t>ccii  well  Krutinded.  The  fault  is  not  in 
cllicicncy  of  service,  nor  in  averafie  charges.  II  is  in 
secret  discrimination.  As  in  the  case  of  the  oil  company, 
r.iilroads  have  built  up  one  shipper  by  pulling  down 
others — charging  them  liigiier  r.ites,  neglecting  to  furnish 
them  cars,  and  delaying  their  shipments  along  the  way. 
Through  inequalilv  of  charges  they  have  also  built  up 
S4jme  tclwns  by  checking  the  growth  of  othcr^  Kailroad 
discrimination  has  been  the  worst  of  all  the  forces  t)f 
monopoly. 


Government  ownership  is  not  regarded  as  the 
remedy,  as  the  author  thinks  it  would  involve 
lower  efficiency,  slower  improvement,  and 
perhaps  higher  cost.  He,  therefore,  advocates 
a  continuation  of  the  policy  of  regulating  rail- 
way traffic  by  law.  In  another  chapter  we 
have  further  facts  concerning  the  evils  of 
railroad  competition.  An  antidote  t3  the 
rate-cutting  which  is  carried  to  such  a  ruinous 
extent  in  the  States,  the  writer  is  inclined  to 
favour  the  system  of  permitting  the  formation 
of  railway  "  pools,"  supervised  by  the  Inter- 
State  Commerce  Commission,  and  subject  to 
their  approval. 

By  this  arrangement,  rates  and  regul  itions  could  be 
kept  reasonable  to  the  public  by  the  Commission,  and 
every  company  could  he  held  by  the  others  to  the  pool 
contract  by  law.  Instead  of  separate  agencies,  each 
lowering  rates  to  get  the  business  of  large  shippers,  one 
joint  office  would  answer  for  all  the  ro.ids. 

In  conclusion,  the  author  speculates  as  to  the 
ultiniite  inlluence  of  the  Trust  regime  on  the 
public.  There  is  no  reason,  he  thinks,  why 
capitalistic  pioduction,  under  public  control  nt 
monopoly,  should  not  continue  to  give  society 
the  best,  cheapest  and  most  rapidly  improving 
supplies  ;  but  he  speaks  out  strongly  against 
seltish  and  uncontrolled  monopolies.  On  the 
other  hand,  he  says,  the  trusts  that  are  wanted 


(7>t) 


Some    Books   of   the    Month. 


727 


are  those  that  hold  their  position  solely  by 
reason  of  siirjiassing  excellence  and  cheapness 
of  product. 

These  trusts  are  only  too  few,  if  they  exist  at  all.  But 
the  club-wielcliiif;  monopoly  trusts,  formed  to  squeeze 
customers,  will  discover  that  the  people  are  not  so 
helpless  as  they  seem.  Their  power  to  restore  just  con- 
ditions will  appear  when  they  comprehend  clearly  what 
the  monopoly  trusts  have  undertaken  to  do.  From  the 
survey  in  these  chapters  of  the  trust  situation,  it  does  nut 
seem  that  radical  action  will  be  necessary  to  dispose  of 
them.  Managers  of  trusts  will  realise  quickly,  perhaps 
with  voluntary  obedience  to  the  public  will,  that  now  and 
hereafter,  as  always  heretofore,  private  property  and 
capitalistic  production,  to  continue  io  exist  unimpared, 
must  prove  to  be  the  best  system  by  service  to  society. 
Limiting  the  capital  of  corporations,  and  the  kinds  of 
business  in  which  they  may  engage,  as  some  economists 
have  proposed,  will  apparently  be  postponed  until  the 
trust  proves  how  far  honest  methods  will  maintain  a 
monopoly. 

In  the  second  part  of  the  book  Mr.  Bolen 
sketches  the  arguments  for  and  against  Pro- 
tection, and  adduces  many  facts  in  support  of 
both  theories.  On  the  whole,  the  author  may 
be  said  to  have  dealt  with  the  subject  in  a  fair 
and  unbiassed  manner,  the  work  showing  many 
evidences  of  keen  insight  and  a  conscientious 
study  of  the  problems  at  issue. 


"BRITAIN  AT  WORK." 
A  Pictorial  Description  of  our  National  Indus- 
tries. Cassell  and  Co.  4to.  384  pp.  X2s. 
TK  this  handsome  volume  the  publishers  have 
-■-  thrown  open  the  doors  of  our  national 
workshops  and  revealed  to  the  reader  the 
wonders  of  the  nation's  industrial  life.  In  the 
course  of  fifty-nine  fascinating  articles,  written 
in  a  popular  style,  we  pass  in  review  the 
battalions  of  Britain's  workers,  and  visit  the 
primary  sources  of  her  wealth  and  prosperity. 
Almost  every  variety  of  art  and  craft  is  described, 
and  nearly  every  occupation  portrayed,  from 
the  making  of  matches  to  the  construction  of 
an  ironclad.  The  writers  of  the  various  articles 
have  been  assisted  in  their  task  by  the  photo- 
grapher, who  has  supplied  them  with  over  500 
illustrations,  finely  reproduced  by  half-tone 
engraving. 

Perhaps  the  most  interesting  sections  are  those 
devoted  to  the  engineering  and  allied  trades. 
The  first  of  these,  by  Mr.  H.  W.  Wilson, 
describes  the  building  of  a  battleship,  and  we 
are  able  to  watch  its  progress  from  the  time  of 


its  laying  down  until  it  leaves  the  slip.  A  brief 
survey  is  given  of  the  various  yards  and  their 
specialities,  including  illustrations  showing  war 
vessels  under  construction  in  the  yards  of  Sir 
W.  G.  Armstrong,  Whitworth  and  Co.,  and 
the  Thames  Ironworks  and  Shipbuilding  Com- 
pany, Ltd.  Another  writer  tells  of  Britain's 
Underground  wealth — of  the  collier's  work  in 
the  mines  and  the  transport  of  the  fuel  to  the 
workshop  and  the  llreside.  The  reader  is  then 
shown  the  processes  involved  in  the  production 
of  iron  and  steel,  illustrated  by  photographs 
taken  in  the  Atlas  Steel  Wcrks,  the  Yorkshire 
Steel  and  Iron  Works,  and  the  Cyclops  Steel 
Works  at  Sheffield,  and  others.  Further  on  we 
make  the  acquaintance  of  railway  enginemen  and 
their  work,  and  get  a  glimpse  of  electric  tramway 
systems,  work  in  the  great  docks  of  London, 
Liverpool,  and  Southainpton,  needle  and  pin 
making  in  the  Midlands,  and  the  labours  of  the 
women  nail  and  chain  makers  of  the  Black 
Country.  Mr.  R.  W.  Johnson  contributes 
an  article  on  the  making  of  big  guns, 
illustrated  by  photos  of  machinery  in  the 
works  of  Messrs.  Vickers,  Sons  and  Ma.xim, 
Sir  W.  G.  Armstrong,  Whitworth  and  Co., 
and  Messrs.  Cammell  and  Sons,  of  Sheftield. 
Mr.  John  Pendleton,  who  is  responsible  for 
several  of  the  above-mentioned  articles,  also 
writes  un  the  engineering  industry  generally, 
but  he  is  obviously  hampered  b)'  the  limita- 
tions of  space.  There  are  illustrations  of  the 
Manchester  Ship  Canal,  of  bridges  and  cranes 
(by  Messrs.  Whitaker  Bros.,  Ltd.,  of  Leeds), 
the  new  floating  dock  at  Bermuda,  built  by 
Messrs.  Swan  and  Hunter,  Ltd.,  and  views  in 
the  works  of  Messrs.  Mather  and  Piatt,  Ltd. 

The  book,  which  is  a  splendid  example  of  the 
printers'  art,  is  one  of  rare  interest.  It  will  be 
perused  with  pleasure  by  the  technical  reader, 
and  its  pages  w'ill  convey  to  the  general  public 
a  vivid  impression  of  the  sources  of  Britain's 
commercial  greatness. 


"AN  OUTLINE  OF  THE  METALLURGY  OF  IRON 
AND  STEEL.' 

By  A.  Humboldt  Sexton.     Scientific  Publishing 
Company,  Manchester.     6jo  jip.      i6s.  net. 

MR.  SEXTON  has  set  himself  the  task  of 
gathering  together  in  one  work  all  the 
chief    data   connected  with    the    metallurgy   of 
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iron  and  steel,  and  has  succeeded  in  outlining 
practically  the  whole  field  of  theory  and 
practice.  The  chapters  on  blast  furnace  work 
are  especially  instructive,  indicatinj^  much  re- 
search. A  full  description  of  the  Bessemer 
and  Siemens  process  is  given,  and  a  chapter 
devoted  to  special  steels.  The  section  anent 
the   structure   of   iron    and    steel    is    of    great 


interest,  and  includes  some  hitherto  unpublished 
facts.  The  book  is  well  illustrated,  has  an 
ample  index,  and  a  glossary  of  metallurgical 
terms.  Much  new  and  valuable  information  has 
been  utilised, and  the  work  forms  a  useful  addition 
to  the  list  of  modern  industrial  text  books. 

A  number  oT  reviews  arc  unavoidably  held  over  this 
month  owing  to  pre''Suro  upon  our  space. 


NOTES    AND    NEWS. 


The  Korting  Gas  Engines. 

By  way  of  a  supplement  to  the  announcement  in  our 
October  issue  that  Messrs.  Fraser  and  Ch.ilmers  had 
secured  the  manuf.icturing  rights  for  Kiirting  Gas  Engines 
used  in  connection  with  the  steel  industry,  it  should  be 
mentioned  that  Messrs.  Mather  and  Piatt,  Ltd.,  have 
secured  the  right  of  manufacturing  these  large  gas 
engines  for  all  other  purposes  outside  the  industry  named. 

This  engine  is  of  the  double-acting  two-cycle  type,  that 
is  to  say,  each  side  of  the  piston  receives  .an  impulse  at 
every  revolution  in  contradistinction  to  the  single-acting 
"Olto"  cycle  engine,  which  receives  an  impulse  on  one 
side  of  the  piston  only  once  in  two  revolutions. 

The  I'uni  is  taking  up  the  manuf.iclure  of  gas  engines 
<if  large  power  more  especially  for  driving  dynamos,  and 
as  they  also  construct  the  latter,  they  are  able  lo  build  the 
complete  combined  plant  in  their  own  WDrkshops. 


The  Junior   Engineers. 

Our  .attention  has  been  called  tn  the  excellent  work  that 
is  being  done  by  the  Institution  of  Junior  Engineers. 
The  presidential  address  was  delivered  on  November  2lst 
by  Colonel  Edward  Raban,  C.ll,  HE.,  on  "  The  Prepara- 
tion of  Engineering  Projects,"  and  other  noteworthy 
p,apers  during  the  forthcoming  session  will  include 
"  Marine  Boilers,"  a  consideration  of  the  relative  values 
of  the  different  types,  by  .Mr.  H.  M.  Uouthwaile, 
M.I.Mcch.E.  ;  "Pnictical  .Votes  on  the  Use  and  Main- 
tenance of  Electric  Motors  for  Factory  Purposes,"  by 
Mr.  \V.  T.  George  ;  "  Greasy  Condensation  Water  as 
Boiler  Feed,"  by  Mr.  William  Palerson ;  and  "  The 
Effect  of  Design  on  .MethrKls  of  Construction,  from  a 
Contractors  Point  of  View,'  by  .Mr.  K.  W.  Newman, 
M.l.Mech.E.  Between  the  meetings,  visits  to  works 
and   places  of  engineering   interest  in  and  near  L<»nd<in 


lake  place  at  frequent  intervals.  A  great  deal  of  practical 
knowledge  mav  thus  be  obtained,  and  this  may  be  supple- 
mented bv  borrowing  books  from  the  technical  library 
The  Secretary  is  Mr.  Walter  T.  Dunn,  and  the  olVices  of 
the  institution  are  at  .V).  Victoria-street,  Westminster. 


0.\'  the  eve  of  going  to  press  we  have  to  record,  with 
profound  regret,  the  sudden  death  of  Herr  Friedrich 
.Alfred  Krupp,  of  Essen,  from  apoplexy,  on  the  22nd  ult. 
Herr  Krupp  was  only  in  his  forty-ninth  year,  and  his 
sudden  demise  has  caused  a  profound  sensation 
throughout  Germany.  The  German  Emperor  addressed 
the  following  telegram  to  the  directorate  of  the  firm 
of  Krupp  at  Essen  : — 

"  The  news  of  the  unexpected  death  of  your  chief  ha~ 
been  a  great  shock  to  me.  Providence  placed  Geheimrath 
Krupp  at  the  he.ad  of  an  enterprise  which  has  achieved 
a  universal  significance  far  beyond  the  frontiers  of  the 
Fatherland.  These  works,  inherited  by  him  from  that 
man  of  genius,  his  father,  he  reg.irded  it  as  the  business 
of  his  life  not  only  to  maintain  but  extend  in  accord;  ce 
with  their  reputation  throughout  the  world.  His  name  is 
most  intimately  associated  with  the  development  of  the 
iron  industry  and  01  the  whole  domain  of  armaments, 
including  modern  fortifications  as  well  as  naval  construc- 
tion. In  his  provisions  for  the  well-being  of  those  in  Lis 
einplovment  he  was  unsurpassed,  and  was  a  pattern  to 
all.  Thus  I,  to  whom  the  departed  was  most  loyally 
devoted  in  patriotic  sentiment,  share  with  the  managing 
officials  of  his  works  and  with  the  thousands  of  his  work- 
men, the  keenest  sense  of  his  loss.— William  I.U.  ' 

Herr    Krupp    evinced    a    kindly    interest    in    Page's 
M.\tiA/iNB  from   its  foundation,    and    one    of    his   last 
literary  efforts  was  the   revision  of  the  article  recently  • 
published  on  the  Germania  Shi|>-building  V.ud  .it  Kiel 


5.   HOWES.  64,  HARK  LANE,   LONDON,   B.C. 


OWlXCi    to  the  virility  of  modern  inventive  genius,  and  the  numlier  of  ])atents  bidding  for 
preference,  the  choice  of    a  turbine  has  i)ecc)nie  no  eas\-  matter.      Tiiose  whose  business 
it   is  to    take  advantage  of  water  power  aiui  secure  the  best  results  in  tiie  least  expensive 
wa\'.  ma\'  tiierefore  welcome  a  few  hints  on  tlie  >\ibii'ct  Ixised  ujion  actual  experience. 

Three  points  claim  attention  at  the  outset,  \i/..  (hnaf)ilit\ .  economy  in  water,  and  highest 
efiiciency.  The  prospective  user  of  a  turbine  will  tind  it  desirable  to  determine  whether  the  appli- 
ance under  consideration  is  adapted  to  his  special  requirements,  and  it  will  also  jja}'  him  to  find 
out  what  otliers  have  done  and  are  iloing  in  similar  circumstances. 

The  incjuirer  is  not  likely  to  go  very  deejily  into  the  matter  before  disco\-ering  that  probablv 
one  of  the  largest  orders  for  turbines  ever  executed,  was  given  bv  the  Canadian  (iovernment.  who 
requisitioned  no  less  than  253  of  these  appliances  for  use  in  o])erating  the  lock  gates  of  the  Welland 
Canal.  This  order  was  jilaced  with  Mr.  S.  Howes,  of  O4.  .Mark  Lane,  whose  "  Little  Giant  "  Double 
Turbine  held  the  field  against  all  comers. 

The  turbine  is  mounted  on  a  horizontal  shaft  for  use  when  a  direct  drive  is  needed,  thus  dis- 
pensing with  gears,  etc..  and  making  it  jjarticularly  applicable  for  driving  electrical  machiner\-. 

After  the  horizontal  type  had  been  placed  on  the  market  some  time,  the  demand  for  it  and 
tlie  vertical  double  turbines  was  so  great,  that  in  order  to  meet  the  wants  of  all  buyers  it 
was  found  necessary  to  further  increase  the  st\les  of  the  "  Little  diant  "  :  i)articularl\-  for 
those  wishing  to  develop  power  under  low  falls,  and  for  this  purpose  the  "  Little  Giant  "  was  con- 
structed in  an  improved  case,  and  is  now  known  as 
the  "  Special  Flume  "  \Mieel.  This  latter  type  is 
made  up  to  bo  in.  in  diameter,  so  that  as  much  as  36 
horse  power  can  be  obtained  under  a  4  ft.  head. 
Taking  variations  of  size  into  consideration,  the  firm 
now  make  no  less  than  78  kinds  of  turbines. 

Owing  to  its  very  high  efficiency  at  part  gate,  it 
is  suggested  that  the  "Little  Giant"  Double  Turbine 
can  with  advantage  be  applied  in  ever\-  case  where 
there  is  considerable  variation  in  the  water  supply, 
01  where  it  is  desirable  that  the  water  used  should  be 
in  direct  projiortion  to  the  power  required.  It  is  well 
adapted  for  situations  where  the  water  supplv  is  often 
inadequate  to  drive  the  whole  of  the  machinery,  and 
where  auxiliary  steam  power  has  to  be  used  in  dr\' 
weather,  as  it  utilises  the  smallest  quantit\-  of  water 
ti)  the  best  advantage.  In  the  majoritx'  of  cases  the 
M-ater  in  winter  and  summer  is  variable :  not  only  this, 
■ut  the  liead  is  often  reduced  b\-  backwater,  etc. 
These  and  other  reasons  show  why  a  turbine  should 
give  the  highest  possible  efficiency  at  j)art  gate.  The 
"  Little  Giant  "  is  a  double  turbine  having  two  tiers  ol 
buckets,  or  strictly  speaking,  two  turbines.  ke\ed  to 
the  same  shaft,  one  above  the  other,  and  both  running 
in  the  same  case,  the  upper  tier  discharging  at  the 
top.  and  the  lower  one  under  the  bottom  of  the  case. 

By  using  this  special  shape  of  bucket,  curving  as       ,.  L,Tr,,E  oi.xnt-  uovulv.  w.vt.cu  tlkiumv 
it  does  towards    the    stream,  the  wafer    has  a   stead\-  vf.rtic.m,  typk. 
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unbroken  flow  from  the  time  it  enters  until  it  is  discharged  from  the  wheel.  The  water 
entering  the  wheel  with  a  greater  velocity  than  that  at  whicli  the  wheel  is  nio\ing.  imjiarts  to  it 
a  greater  force,  and  the  design  of  the  bucket  where  the  water  first  strikes  it.  is  such  that  the  water 
moves  in  the  same  direction  as  the  wheel  ;  therefore  the  friction  of  water  against  the  bucket  at 
this  point  is  helping  instead  of  retarding  the  wheel  :  hence  we  have  an  imjiortant  advantage  over 
other  turbines  where  the  friction  acts  in  the  ojijiosite  direction  to  the  motion  of  the  wheel. 

The  shaft  (to  which  the  buckets  or  wheel  is  keyed)  is  supjiorted  at  the  bottom  end  and  revolves 
upon;an  adjustable  lignnm-vita;  step  in  the  bottom  bridgetrec.  The  case  (or  guide)  is  made  of 
iron  in  the  form  of  a  scroll.  The  cases  for  all  wheels  up  to  twcniy-foiir  inches  in  diameter,  are  cast 
in  one  piece.  The  case  for 
larger  sizes  is  made  of  boiler 
plate,  the  edges  of  which  arc 
planed  ]iaralle].  This  is  held 
lietween  the  cast  iron  top  and 
bottom  plates  by  bolts.  The 
case  is  sup]>orted  by  the 
bottom  bridgetree.  which  is 
bolted  firmly  to  it.  The 
bridgetree  is  fastened  to  the 
bottom  of  the  wheel  ))it,  upon 
which  it  rests  by  "  Lewis " 
or  "  Rag "  bolts."  The  gate 
bo.x  is  made  of  cast  iron,  and 

bolted  to  the  case.     The  gate 
or  sluice  is  also  made  of  cast 

iron,  the  surface  of  which,  as 

also   the  ways  or  seat    upon 

which    it    slides,   are    planed. 

thus      fr)rming     a      perfectly 

water-tight  joint.     The  i)res- 

sure    of   water    always    holds 

the  gate  to  its  i)lace,  and  the 

joint    remains    tight    as    the 

gate    wears.      The    gates   for 

the   larger   sizes    of   turbines, 

])articularly    if    to     be    used 

under  high  heads,  are  mounted 

upon  friction  rollers  (as  shown 

in  the  first  cut),  which  changes 

the    friction    from    sliding   to 

rolling,  making  the  gate  more 

easily  operated. 

There  are  two  hand-holes 

in  the  case,  fitted  with  water-tight  cai)s,  whicii  may  be  reathly  opened  to  reniu\e  an\-  obstruction 

that  may  get  into  the  wheel.      The  convenience  of  this  will  be  best  appreciated  by  those  who 

have  l)een   obliged    to  lose  valuable  time  in  stoi)|>ing  their  mills  to  draw  the 

flume,  in    order   to  take    the    wheel    apart    and  remove  some  obstruction  that 

taken  out  of  our  turbine  in  a  few  minutes  without  dissecting  it  or  disturbing  the  lu-ad-gates. 
The  upi)er  bridgetree,  which  is  bolted  firmly  to  the  top  of  case,  is  made  of  cast  iron,  and  of 

sufficient  strength  to  prevent  anv  springing  of  shaft. 

The  iH-aring  or  stuffing  box  in  the  njiper   bridgetree  for    shaft  is  bushed  with  lignum-vita-, 

and  is  adjustable,  so  that  the  turbine  may  at  all  times  be  held  in  the  centre  of  ca.se.  tlius  preventing 

leakage  and  loss  of  jiower,  caused  by  the  friction  of  the  wheel  nibbing  against  the  case. 
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Full  inforination  is  offered  to  in(]uiii'rs  wlio  are  anxious  to  adajit  the  turbine  to  their  special 
needs.     The  following  questions  should  be  carefully  considered  by  prosjiective  users  : — 

What  is  the  head  of  water  when  at  rest,  or  the  vertical  distance  from  surface  of  head-water 
to  surface  of  tail-water  ? 

If  the  stream  is  small,  what  quantity  of  water  can  lie  relied  upon  ?  If  the  water  su])ply  is  variable, 
state  how  much  it  varies  in  wet  and  dry  seasons:  or  if  an  overshot  is  used,  state  the  diameter  and 
width,  and  how  much  the  gate  was  raised  to  let  (lie  water  on.  and  particularlv  how  deep  ilic  water 
was  above  the  gate  opening  in  the  forcba\-. 

If  the  stream  is  large,  state  width  of  same,  or,  if  possil:)le,  give  us  a  nn-asurenu'iit  according  to 
our  scheme  of  instructions  for  "  large  open  streams." 

W'liat  size  and  make  ol  turbine, 
it  any.  is  at  present,  or  has  been, 
running  ;  and  how  many  square 
inches  gate  opening  is  there  in  the 
wlieel.  and  imw  iiian\'  Imurs  out  of 
twenty-fo\u-  will  the  stream  afforil 
sufficient  water  to  su|)[>K-  it  ? 

What  kind  nl  inarliiner\-  is  to 
be  driven  ? 

(live  sj)eed  of  line  shaft,  and  the 
direction  in  which  it  turns. 

("live  the  vertical  distance  of  line 
shaft  trom  head  or  tail-water  level, 
and  also  its  distance  from  the  mill 
floor, 

.\nother  speciality  of  the  firm  is 
the  "  Eureka  "  wheat,  coffee,  rice, 
seed  and  malt-cleaning,  grading, 
hulling  and  sei)arating  machinery. 
The  accom])an\'ing  illustraticms  show- 
two  types  of  over  three  hundred  and 
fifty  manufactured, 
'f'  The  term  "  Eureka,"  as  a])plied 
to  milling,  grain-cleaning,  and  ele- 
vator machinery,  is  significant.  The 
extensive  range  of  machinery  manu- 
factured under  this  name  had  its 
origin  in  the  earl\-  fifties,  when,  at 
Silver  Creek,  X,Y,,  on  Lake  Erie. 
Snneon  Howes  erected  a  small  plant 
lor  the  jiroduction  of  his  "  Smutter," 
I  lie  liusiness  owes  its  present  dc- 
\-elo]iment  \-er\-  largely  to  Mr.  I^ouis 
!■;.  Ijarbeau,  who  for  some  years  has  personally  dictated  the  fortunes  of  the  luiropean  branch. 

"  Eureka  "  rice  graders,  hullers,  jiolishers,  (>tc.,  are  now  in  iiearh-  all  the  large  rice  mills  of 
the  country.  Coffee,  also,  is  being  treated  with  a  line  ot  special  "  Eureka  "  machines  :  and  even 
[leanuts  are  mani])ulated  through  all  the  \-arying  jirocesses  of  manufacture  from  the  picking  of 
the  nuts,  etc..  to  tlie  reduction  of  the  shuck  into  a  jwwdered  form,  by  "  Eureka  "  machinery.  It 
is  not  surprising  that  the  original  number  of  distinct  models  and  types  of  "  Eureka  "  machines  is 
still  on  the  increase,  and  that  Mr.  Harbeau  has  been  called  upon  to  supply  his  machinery  in  every 
I)art  of  the  world. 

The  firm  are  also  manufacturing  a  complete  line  of  portable  and  stationary  forges,  and  hand 
and  ]  ower  drills. 
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CXTALOGUES     AND     TRADE    PUBLICATIONS. 

Tlusc  cataloRues  may  be  had  free  of  charge  on  application  lo  the  firms  Issuing  them.  Please  mention 
PAGES  MAGAZINE  when  you  write.  Manufacturers  of  Engineering  and  Electrical  SpcclRlllles.  etc..  etc.. 
are  Invited  lo  forward,  for  review  in  this  column,  copies  of  their  citalogues.  price  lists,  and  circulars. 

as  soon  as  Issued. 


Blumann  and  St<n),  Ltd.,  Plough  Bridge,  Deptford, 
London.  Cik'iul.ti  inr  iiio.?.  priiilccl  in  two  culoui-, 
with  M-paialf  shctt  fur  each  niunth.  The  reverse  of 
c.ich  lealli'l  is  utilised  either  as  a  price  list  or  for 
descriptions  of  the  firm's  specialities,  which  consist  of 
lubricating  oils  of  all  kinds,  tallows  and  greases,  etc. 
A  reprint  from  a  recent  issue  I'i  the  Kailviiy  Siifffilics 
Journal  is  particularly  interesting  as  proving  the  ex- 
cellence of  the  lubricants  manuiaclured  by  this  lirm. 
It  is  pointed  out  that  during  the  trials  of  H.M.S.  IV/cr, 
when  the  engines  developed  12,000  i.h.p.,  and  the 
mean  speed  for  the  si.\  runs  showed  .i^'SSi  knots,  or  a 
velocitv  equivalent  to  43  miles  an  hour,  the  lubricants 
employed  throughout  were  supplied  bv  Mes-r^. 
Kiumann  and  Stern. 

The  Unbreakable   Pulley   and   Mill   Gearing  Co.,  Ltd., 
Manchester  and  London. — .-V  Tre.itlseon  the  liconomical 
Transniis^iun  "il    I'nwer.    Tenth  Edition.     2s.  6d.    post 
free.      In   the  introductory  chapter  the  writers   draw 
attention  to  the  fact  that  it  is  not  suflicientiv  realised 
how  important  a  part  the  machinery  used  for  the  trans- 
mission   of    power   has    in    the    general    economy   of 
manufacturing  establishments,  and  endeavour  to  show 
that    a   saving  of    5    per    cent,   on    the    yearly   coal 
bill  can  be  effected.     The  sometime  prejudice,  we  are 
told,  ag.iinst    the    use   of   cast    iron    for   bearings   has 
practicalK  disappeared,  and  there  is  now  scarcely  a  large 
engineering  funi  in  the  kingdom  which  has  not  adopted 
these  bearings  to  a  greater  or  less  extent.     The  authors 
add  :  "Any   power  consumed  by  shafting  beyond  the 
small  amount  necess;uy   lo  overcome  friction  in  well 
designed,     truly     erected,    and     properly    lubricated 
bearings,  Is  absolutely  wasted  ;  yet,  though  people  will 
look  closely  enough  into  the  economy  of  the  engine  or 
machines  they  are  going  to  buy.  economy  in  the  means 
by  which  power  is  transmitted  from  the  engine  to  the 
machines   is   constantly  overlooked,  generally  also  the 
economy  in  erection,  while  the  sole  care  is  to  buy  from 
the  man  who  will  supply  so  many  feet  of  shafting  and 
so  many  bearings  at  the    lowest   price."     The    main 
object  of  the  work,  we  gather,  is  to  set  out  as  concisely 
as  possible  the  rules    upon  which  an  engineer  should 
work  in  designing  a  system  of  shalling  for  a  factory, 
with    full    tables    of  strengths,  weights,   powers,  atid 
velocities,   so  that  the   book    may  serve    as  a   handy 
reference  for  the  skilled   designer,  and  a   trustworthy 
guide   for    those    who    have    no    special    knowledge 
of    the   subject,  but   who   desire    to   plan   their  own 
arrangements.      We  certainly  think  it   is  a   v.iluable 
work,    and  well   worthy   of   being   consulted  on  any 
of  the  abtjve  points.    The  subject  matter   is  suitably 
arranged   and  concisely   written.      \    very   readable 
type     is    employed    and     the    quality    of     the    half- 
lone    illustrations   and    wnodcuts    leaves    little  to  lie 
desired. 


William   Ryder,  Ltd.,  Bolton,  Lines.— Illustrated  C.ila- 

lojiuc  i>l  gorging  .M.ichincs.  S.iuing  Machines,  .uid 
other  tools,  with  prices.  The  booklet,  which  is  printed 
in  two  colours,  is  well  designed,  and  is  illustrated  by 
means  of  some  excellent  wood  cuts.  The  princip.d 
speciality  is  the  now  well-known  Korging  Machine, 
made  in  various  designs  with  three  to  live  pairs  01 
steel  blocks,  or  hammers,  and  in  weight  varying  from 
25  cwl.  to  5  tons.  The  sawing  machines,  which  are 
very  frequently  used  in  the  siuithy  in  conjunction  with 
forging  inachines,  are  made  in  various  sizes  and 
weights,  and  with  sawing  capacities  for  hot  iron  bars 
varying  in  lliicknesses  from  3  to  (>  In. 

The  Clyde  Structural  Iron  Company,  Ltd.,  of  Scots- 
taun,  Glasgow.  A  neat  little  booklet  ol  forty  pav;e> 
and  cover,  comprising  a  catalogue  of  structural  iron 
and  steel  work  as  manufactured  and  erected  by  the 
company.  The  illustrations  include  sonie  interesting 
designs  for  curved  roofs,  agricultural  sheds,  stores, 
granaries,  dock  sheds,  market  place  or  b-t/aar,  drill  and 
public  halls,  swimming  baths,  tea  factories,  gold  mine 
buildings,  engineering  shops,  bungalows,  bridges,  etc  , 
etc.  With  regard  to  the  photographs  of  recent 
work  carried  out  by  the  lirm,  we  quite  agree  with  their 
remarks,  that  these  serve  better  than  any  quantity  of 
letterpress  to  indicate  the  kind  of  work  they  are  pre- 
pared to  execute.  They  include  excellent  examples  01 
railway,  foundry,  and  other  work. 

Graham,  Morton  and  Ca.,  Ltd.,  Leeds.— A  neat  little 
brochure  of  lifly-lwo  pages  and  cover,  entitled 
'•  IClevating  and  Conveying  Machinery,"  being  ,1 
description,  with  numerous  illustrations  of  an  economic 
method  of  transportation  of  coal  and  minerals.  The 
system  consists  of  a  plant  by  means  of  which  coal  or 
other  material  is  automatically  conveyed  from  one  given 
point  to  another,  thus  saving,  it  is  claimed.  So  per  cent, 
of  labour  co'.t.  The  illustrations  include  reproductions 
from  photographs  of  (i|  a  plant  to  handle  coal  and  store 
it  in  coal  stores  at  the  rale  of  yo  tons  per  hour  ;  (2I  an 
elevating  plant  at  the  generating  station  of  th.-  U-eds 
City  Tramways,  which  conveys  coal  from  boat  to  boiler 
furnace  at  a  total  labour  cost  of  id.  per  ton  ;  (3)  a  pl.tiil 
erected  to  weigh,  handle,  and  store  coal  .it  the  rate  of 
40  tons  per  hour;  14)  a  large  conveyor,  over  400  ft. 
long,  erected  for  carrying  150  tons  of  coal  per  hour  : 
(5)  conveying  plant  erected  for  feeding  a  water-tube 
boiler  and  a  series  of  Lancashire  boilers.  The  coal  is 
brought  automatically  from  the  coal  stores  by  means  of 
continuous  conveyors,  and  (Ol  a  conveyor  which  carries 
sacks  of  Hour  at  the  rale  of  1,000  per  hour.  Other 
illustrations  show  screening,  measuring,  and  weighing 
plant--,  belt  conveyors,  storage  bunkers,  a  novel  coal- 
tipping  apparatus— by  nieans  of  which  a  railway  truck 
can  be  autom.itically  tipfK-d  and  emptied  at  once  - 
spiral  conveyors,  etc.,  etc. 
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Miscellaneous 


Incandescent     Lamps   t 


OVER 
TWENTY 
YEARS- 
EXPERIENCE 


QUALITY 

and 

PRICE 

RIGHT 


SEND     FOR    PRICE    LIST    TO 


The   Brush    Electrical 
Engineering   Co   Ld 


Victoria  WorKs 
Belvedere    Road 

LONDON   S  E 

(South  End  of  Charing  Cross  Footb 


ridgei        W 


HADFIELD'S  ooNauor  lay-QUTS 


.     OF     EVERY     SIZE     AND     DESCRIPTION 


HADFIELD'S  PATENT  MANGANESE  STEEL 

IS    THE    BEST    MAT 

TRAMWAY  TRACK  WORK. 


IS    THE    BEST    MATERIAL    FOR 


TRAMWAY  POINTS  &  CROSSINGS 

TRAMWAY  WHEELS  &  AXLES 

TIE-BARS,  Etc.,  Etc. 


HADFIELD'SsT..u.ou-^oo-o  SHEFFIELD 


Ensfines 


Great    Econoiviy    with 

Gallow^ay  pressure  BOILERS 

GallowaVT^PE^D    ENGINES 


STEEL     BOILERS     (/\ll  Sizes  and  Pressures!       READY      DELIVERY. 
STEAIVI     ENGINES    (High  speed  &  other  Types      QUICl^     DELIVERY. 


GALLOWAYS    Ltd 

MANCHESTER,   England. 


5« 


^i%  lnla®MDC3if 


Engines 


John  Fowler  &  Co. 


(LEEDS)  LIMITED. 


Electrical    and    General 
Engineers. 


Steam  Plough  WorKs  : 

LEEDS. 


Fowler's  Road  Locomotive.  Designed  for  all  Kinds  of  Steam 
Haulage,  and  is  also  available  for  temporary  belt  driving. 
Three  siies  of  this  Engine  are  standardired.  and  employed 
approximately  for  20.  30.  and  40  ton  loads.  A  special  heavy 
Engine  is  also  made  equal  to  a  load  of  50  tons,  and  called 
the  "  Lion  ■■  type.  The  Engine  was  thus  named  by  the 
War  Office  Authorities,  who  employed  a  number  of  them 
in   the  South  African   Campaign. 
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Engines 


The  Hunslet  Engine  Co., 


Estd. 
1864. 


SPECIALITY  :- 

LOCOMOTIVE    TANK    ENGINES. 


Leeds,   England. 


Conlractors  to  His  Majesty's  Government.  The  Crown  Agents  for  the  Colonies.  Agent.Gcneral  '"  '"if  Cape. 
Public  WorKs  Department  of  Ireland,  etc..  etc.  Manufacturers  of  TanK  Engines  of  all  descriptions, 
suitable   for   Contractors.    Collieries,    Iron    WorKs.    Quarries.    DocKs.    Sugar   Plantations,    Tramways   :    Light. 


Narrow    Gauge   and   Short    Branch    Railways,   or    Lightly    Constructed    Colonial   Lines. 

TalaCrami  :    ■■  ENGINE.    LEEDS." 


Telephone  No.  :  52B. 


C>  t^-  lUin.  X   Ibin. 


G;iuj;c  3ft.  3^in. 


C>ls.  13in.  X  . 


Oaut;c  3ft.  I)in. 


Cyls.  Bin.  X  8in 


Cyls.  Sin.  X  l'.!in. 


C.n.KC  .'fi    .=  i  n. 


Cyl».  mm.  X  Ih.n. 


Odugv  2tu  ftln. 


(<o 


fm€%'jiimM.m\ 


\f    Railway  Equipment    " '-' 


W.  R.  RENSHAW  &  CO., 

MANUFACTURERS     OF  LIMITED, 

Railway  Wagons.   Railway  Carriages,  Railway   Ironw^orh. 


Railway 
Wheels  6 
Axles 

of  every  Kind. 

M 

SPECIAL 
ATTENTION 
GIVEN    TO 
ROLLING 
STOCK     FOR 
SHIPMENT. 


1 


One  of  70  Special  Vehicles  constructed  for  Barnum  &  Bailey's  Show.      These 
have  run  on  all  the  principal  British  and  Continental  Railways. 


Vie  have  special 
modern  plant  for 
the  quicK  produc- 
tion of  .  .  . 

AlUSteel 
High 
Capacity 
Wagons. 


Telegrams : 
Renshaws.  Sloke  on  Tren'. 
Opificer.  London. 

Telephones  : 
58  Potteries. 
16  Avenue,   London 


Phoenix  Works,   STOKE  ON  TRENT. 

London  Office:  46.  King  William  Street,  E.G. 


Transportation  Development  Co.,  In£l 

Sole  Agents  for  PRESSED  STEEL  CAR  COMPANY, 


PITTSBURG.  PA.. 
U.S.A. 


6,    Clements    Lane, 

LOMBARD  STREET, 

LONDON,  E.G. 


manufacturers  of  .  . 

PRESSED    STEEL 

WAGONS, 
WOODEN  WAGONS 

WITH  STEEL 
UNDERFRAMING, 
PRESSED  STEEL 
BODY  BOLSTERS. 
BOGIE  BOLSTERS, 
WAGON  BOGIES. 
TENDER  BOGIES, 
BRAKE   BEAMS, 

AND  OTHER 

PRESSED    STEEL 

SPECIALTIES. 


T>  pe  of  liok'ie  IJoIster  used  \*illi  Pre>seJ  .*^tcel  Diamond  ISo;iiei 


6i 
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Cranes 


JOSEPH  BOOTH  &  BEOi 


LTD., 


RODLEY, 


40-ton  Steam  Goliath  Crane  at  the  new  L.  O  N.  W.  Railway  Goods  Yard.  Sheffield. 
And  al^o  supplied  to  Midland,  Lancashire  C)  Yorkshire,  and  Great  Western  Rys..  dc. 


For 

Lifting 
Machinery, 


Cranes,  Winding  Engines, 
Overhead  Travellers  of 
Every  Description,  Driven 
by  Steam,  Electricity,  or 
Hydraulic    Power. 

London  Ageott : 

A.   E.  W.  OWYN,   Lid., 
75a,  Oucen    Victoria   St.,    E.C. 

Ageati    for  Scotland  : 

THOAIAS  HILL  &  CO., 

66    and    68,     Robertson    St., 

(ila.igow. 


Telegramt  : 


■  CRASnS.  RODLRY." 
■ASUSDER,  LONDON." 
•SPECIFY,  OLASnOW.- 


A»  supplied  to  Crown   AKenIs  for  (hr  Colontv%  and  Govcrnnncnl    Drpartntcnls. 

6.' 


"Si^ 


?a@Il§'ft\®/i2DKIII]f    Electrical  Apparatus 


GREENWOOD    &    BATLEY,  LTR 


ALBION    WORKS,    LEEDS. 


De    Laval's    Patent    Steam    Turbine    Dynamos,    Turbine    Motor    Pumps   and    Fans. 


■Cj*^  »« .Ir  lllliniiiiKin ,=^^=i."^     'y 


Boo^le^  with  Motor  5C0  volts,  and  two  sltlcs  dynamos,  each  ico  volts,  ^on  amp. 


DYNAMOS    AND    MOTORS. 


LIGHT    AND    POWER. 


International  Electrical 
Engineering    Co., 


Clun    House, 
Surrey  Street, 
Strand, 

London, 

w.c. 


Telegrams  : 
"CLt'NCH.  LONDON  • 

Telephone  Xo. : 
3227  GERRARD,  LONDON'. 


Our  plant   is   in    use  a.t 

Dundee,  Oban.  Falkirh, 
Glasgow,  Hoylake.  Hull. 
Erith,  Coinc,  Shipley, 
etc 


Thrt-e-phasc  Alternators  for  Transmission  of  Powcrin  .Manufacturinjj  Worlts. 


ftkgMDKllllf  Electrical  Apparatus  ] 
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JteMElitF  Cables 


IVIcKrams  :  "  FILATURE.' 
Telephone  :   202,  228. 


The  St.  Helens  Cable  Co., 


LIMITED. 

WARRINGTON. 


SOLE     MANUFACTURERS    OF 


DIALITE  BITUMEN 
WATERPROOF  CABLE. 


As   Supplied    to   the    Corporations   of 

Oban,  Sheffield,      West    Hartlepool, 

Barnstaple,     Wrexham,     BlacKburn, 
Edinburgh,      Brighton,        Bury, 
Liverpool    Overhead    Railway,    6c.,    &c. 


No  Central  Station  should  be  without  Dialite  Mats,  or  Dia's  Patent  Safety 
Clove,  for    Electricians,  tested  with   5,000  v.  before    leaving    the    works. 

The  Manager  of  the  Liverpool  Overhead  Rail^vay  writes:  — 

",      .      ,      the  most  effective  for  practical  purposes  on  the  marhet." 
See  Report  by  Mr.   C.   tt.    WORDISUHAM. 

London     Office  :     32,     VICTORIA     STREET, 


Telegrams  :    "  FILATTERIO." 


-I-    1       u  A->-,n    r^i^BBABr,  W    ESTMINSTER. 

Telephone  :  4270    GERRARD. 





ii -^ 


Cables,  &c. 


8UDDEDTSCHE  KABELWERKE  A.-C,  nannheim. 


SYSTEM    BERTHOUO    BOREL. 


GERIVIANV' 


Contractors  to  the  Imperial  €erman  Postal  JIuihorities. 


Silk-Covcred 

Copper   Wires. 

TELEPHONE    CABLES 

Wuh  Paper  and  Air  Insulation. 

LEAD-COVERED  CABLES 

For  all   Tcn-^i"n«  up  lo  .jocwj  \oli-. 


The  a  a 


Scotch  &   Irish  Oxygen  Co.,  Ltd.,    J 


ROSEHILL  WORKS.  GLASGOW. 

Valves   for  Cas  Bottles  and   Aerated  Water   Drums 
In  Bronze,   Steel,  and  Aluminium. 


Reducing  Valves,  Keys,    and    all   Fittings  for  Compressed  Gases. 


J.   HALDEN   6   Co., 


8,  ALBERT   SQUARE. 

MANCHESTER. 


Arc  Lamp  Duplex  Radial 

Photo  Copying  Frame 

(SHAW    AXl.    IIALUEN    PATEXTl. 

Architects  Klectric  Frame,  Arc  Lamp  and 
Lowerinjt  Oear,  complete  to  print  from 
Two  Tracings  40  X  27  ..  £25     •>     " 

Engineers  HIectric  Frame,  very  superior. 
Arc  Lamp  and  Lowering  Oear.  complete 
to  print  from  Two  Tracings,  53  x  31  42   10    o 


ADVANTAGES   OF   DUPLEX    RADIAL   PHOTO-COPYING    FRAME. 

A— C'»in(ii;;  iiid.«"r»  at  ;inv  liiiu-  wIiiic  KitLlri..  Liirrtiil  la  avaiUWc. 
B.^Thc'lT.inic  whin  untc  nxiunlcd  on  the  Hcdclil  rcni.«n>  there. 
C— Immunllv   (roni   accident   cinurcd    hv    the    Kranic    remalniD);   "n 

111,      !■.  ...  -•  ■■ 

U.— Tlu  ;;  out  Tracing* 

anil  . 

K.— T\i ,..  1 ^ ,....a ,...::..n. 

f.~rhc   K'.'i'**    pialc*    can    be    vct>-  caaly    dcannl    when     Frame   b 

horiiulital. 

Also    at    London.    N>wcastle>an-Trne.     Blrmlnilham.    and    Clasgow. 


C3|.«l  T«*o  Tricln|l   at   On,  Op,ration 
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Fans,  Sec. 


»> 


"SIBOCCO"  FANS  FOR  S.S    "CELTIC/ 


"SIROCCO 

Centrifugal 
Fans 

VENTILATION, 
FORCED    DRAUGHT 
INDUCED  DRAUGHT. 
HEATING, 
COOLING, 
DRYING. 
REFRIGERATION 
DUST   REMOVAL, 
FORGEFIRES,  1  i^.i'c. 


3Lso  "Sirocco"  Propeller  f^ans,  I"urnace  f^ronts,  Engines,  etc. 


Illustrated    and    Descriptive    Pamphlets 

on    Application,  ^  .*  -^  ■* 


DAVIDSON   6  CO.,  Ltd., 

r.S]„^rr..r"cVe"  """"''    •*  sirocco  "  Engineering  WorKs,  BELFAST 


Branches  :  LO 
A 


" STANDARD 


» 


EXHAUSTERS 
BLOWERS. 

FANS. 


Write    for   Prices    and    Particulars    to 

THE  STANDARD  ENGINEERING  CO.,  LTD., 

LEICESTER. 


Hullo!  Arc  You  There? 


a       a       /^ 


Do  you  use  Naylor's 
Emery  Cloth  ?  .  .  . 

What  ?  Rather !  Champion 
Stuff,  isn't  it  May  we  send 
you  Sample  Sheets  ?  Thanks, 
what  address  ? 


J.   G.   NAYLOR   6   CO.,   Ltd., 

Emery  Mills, 

MANCHESTER. 


;^ilBA(MIDKIif        TurbinesT&T. 


<         W.  GuNTHER  &  Sons, 

Central  Works,   OLDHAM. 

TIIPRIMPQ    Of  the  Most  Modern  Con- 
1   UI\DIIVE.W        struction  and  Types. 

Quick  Regulation,   Easy  Worl<ing  Gate,  Highest 
Efflclency. 


Cunthcr    Turbine   and    Dynamo. 


New  System  of  Hydraulic  Turbine  Governor. 

WITH  SPECIAL  AND  EXCLUSIVE  FEATURES. 

M.idc  on  the  Interchangeable   Plan   by  Special  M'ldcrn   Tools,  ensurinj; 

Accuracy,  Reliability,  and  (Juick  Deliverj-. 


"Gunther"  Celebrated  Fans, 


FOR    BLOWING    AND    EXH/\USTINC.  •IT^ 

FJ^  ~il|      All   Sizes   m.ide  on  the   IiUercli.iH}»c.ibli;   System,   with  i     I 

'.'-"Hp  Special  Tools,  and  in  Stock  for  immediate  delivery.  ..  '    ' 


.tLSO 


CENTRIFUGAL   PUMPS. 


Gunther    Pump. 


FOR      ANY      SIZE      OR      TYPE      OF 


T  U  R  B  I  N 

OR      PELTON      WHEEL 


Apply   to  : 

G.  GILKES  6t  CO.,  LTD. 

KENDAI_. 


1^^^       P4J-, 


U      «     ° 


C3 


t>     a 

=  3 

n      ■" 


2.1 


3      B 


J.  BENNETT  VON  PER  HEVDE.  0.  Brown  St.,  MANCHESTER. 


TMI 


DRUM 
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SKi.  rio\  n^   •■  DklM  '  riMi 


PUMP. 

0MM80W-8         RATENTS. 

11'., ;.    •.  r  C<I/,W.\I(.   I 

POSITIVE     ACTION. 

NO     VALVES. 
HIGH      EFFICIENCV. 

DRUM 
ENGINEERING  CO., 

27.  Charles  St., 

BRADFORD, 


u 
o 
u 
o 

o 
o 
o 
o 
o 
o 
o 
o 
o 
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CHROME  & 
MANGANESE  § 
ORES 


Suppltf>«l    111   nii  quftiltlCfl   by 

GILDEMEISTER  and  KAMP. 

CoblCRzRbcin,  ttcrnuny. 


^ooeooooeoeeeeecoeeeeoeoeeeeeoeaeooo 
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Pumps 


DO   YOU 
WANT 

PUMP? 


This  may  seem  a  somewhat 
unusual  way  of  advertising 
Pumps,  but  if  j-ou  do  want  one 
—no  matter  for  what  particular 
service— and  will  drop  us  a 
Itne.  we  can  show  you  that  we 
have  a  good  article,  and  can 
suit  you. 


WE    MAKE    PUMPS    OF    EVERY    DESCRIPTION    AND 

OF    EVERY    SIZE. 

CATALOGUE    AND    PRICES    ON    APPLICATION. 
The    .    . 

Blake  &  Knowlcs  Steam  Pump  Works, 


179,  Oucen  Uictoria  Street,  Condon,  e.€ 


Ltd., 


6<> 


^®S^teM 


Pumps,  &c. 


"TAIMGY 

STEAM    PUMPS 

FOR    ALL     DUTIES. 

"SRECIAU"      DURUEX 
RUY-\A/HEEI_,    «Stc., 

ALSO      .      .       . 

Centrifugal   Pumps,     Treble  -  Ram    Pumps,    etc. 

Electrically  Driven  Pumps 

A     SPECIALTY. 


14  »  8  "  12  In.  ••Special"  Pump. 


^^H    J^     1^1   ^%%#  ^^  ^^  CORNWALL    WORKS, 

T  AIMGYbO       Birmingham. 

=  0-^^..^.     .^  LIMITED,  ^9 


BRANCHES     AT  LIMITED, 

London,   Newcastle,    Manchester,   Glasgow,   Cardiff,    Rotterdam,    Bilbao,    Johannesburg. 


TD., 


W.  SUMMERSCALES  &  SoNS,  L 

.     .     Engineers     .     . 

Phoenix  Foundry,  KEIGHLEY, 


England. 


LAUNDRY 
MACHINERY 

COOKING 
APPARATUS, 


Ci\tc\losuc.s  and  all   particulars  fret- 
on  application. 
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Packings 


The  kk 


LANCASTER" 


PATENT 


•R.  T.  na. 


METALLIC  PACKING 

Supplied      to     British     and     Foreign 
Navies  and   all   Principal   Engineers. 


."»     .*     .•* 


PERFECTLY    STEAMTIGHT. 

f'    f    »•■ 

Save    bO   per   cent,   of    Friction    over 

best    Asbestos    Packing.      Need    not 

the  slightest  attention. 


WRITE       FOR       FULL       PARTICULARS       TO 

•m  .  Qn  rwy  ¥    i.  J       Steam  Crap,  Steam  Dryer,  &  Pisionmakcrs. 

L/ancaster  C>    1  Onge,  L/td.  Pcndieton.  Manchester. 


Telegr&phic  Address: 

"PACKLESS" 

,  D  .      MANCHESTER. 

ABC  CODE.    USED. 


KARyyvALlp 


SEND  FOR  CIRCULARS ETE5TIM0NIALS. 


PACKING 


MAWO  SUITS  NO!  t  COLD  W*TE«  WILL  SIAND  AMI  P 
0rST(A^D*>Ot<^fttC  CTHtAT  NtVtR  MLLl  S  Q"  t 
TMEBLP'lOHASlMt    SAtll  FACTION    OruS'NCA 


'1BND50F 
/eNClNEiPUMFi 
,1     PACKINGS 
VvHAtRt-COri 


JTROPRIETORS^I 

,  AND  r 


ROKO 

EDGE  BELTING 

IHDtSTfluCTiBi.1  WOVEN   EDGE    G«t*T  GBiP'ilIC  p»»EI 
MAMLtAilUBtS  fBO"Tnt  PIJ)  CAf^ltHAIRTARN    tlKAT   DU« 

•  BiLiIr    lAHljf  I  "itUiUiOfKDilOCHiALltA'S  ON  MA  WO 


rictionlessFnginePackin^ 


iHENDHAMl/ALE  WORKS 

AA       Harpurhey. 


MfitiWiiKiiaa 


16  HIGHeST  AWARDS 


tOINBunCM  IB8C 
•UNCMIITER  iaB7 
NtWtASTlE  iM» 
SALTAiRt  lUT 
GLAStCft  M» 
1*.  ••. 


6IRW 
PAM5 

CSINIUNCM      rtfo 

emMiNwuM  'itz 

.dT  wf  RP      (854 


"Auto"   Roller  Bearings 

FOR   MOTOR-CARS,    LORRIUS,    TROLLIiYS, 
TRAMCARS,    CRANES.    AND   OTHER   MACHINERY. 

SAVING    OVER    PLAIN    BEAKeiNGS. 

70  per  cent,  les.-*  friction  and  70  per  cent,   le.ss  5lartin;f  effort  compared 
w  itti  the  t>e.st  plain  bearings. 

Also    BALL    BEARINGS    OF   ALL    KINDS. 

A    ROLLER    BEARING    may  be  seen  by  ippointmcnt    running  at    1,350  revolutions 
per  minute,  with  a  load  of  ONE  TON  on  a   i   in.  diameter  shaft. 


The  Koller  Be.'irinj'  complctt,  with  part  of  Outer  Bush 
cut  away  disclosing  Rollers. 


The  AUTO   MACHINERY  CO.,  Ltd. 

READ  STREET.  COVENTRY. 
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Packings 


THE 
BEST 


METALLIC  PACKING 


IN     THE     WORLD. 


OVER    130,000    FITTED 

TO    ALL    TYPES    OF    ENGINES     IN    EUROPE.    ASIA. 
AFRICA.    AND    AMERICA. 


Supplied   to  the   British,   United    States.   Dutch,    Spanish. 

Japanese.   6c.,'  Navies.      Friction    Decreased.      Powi-er  and 

Fuel     Saved.  Vacuum     Iffiproved.  Automatic     Self- 

Adjusting.    Steam  Setting.     Entirely  Metallic. 


United  States  Metallic  Packing 


CO.,    LTD., 


Telcj'rams  :  "Metallic.   Uradfortl." 
Telephone  No.:  604. 


BRADFORD. 


Also   MaKers  of 


""  Power  Drill  &  Reamer. 


THE  BRADFOR 
PORTABLE 

AIR    COMPRESSORS    and    PNEUMATIC    HAMMERS. 
PNEUMATIC    HOISTS.      PNEUMATIC    PAINTERS. 
PNEUMATIC    RIVETERS,    fie,    6c. 


COMBIIIAVIOII 

MBVALkfC  PACKIMC 

POtt 


^  NORIIOMffAft  INIINIt 

^'       fcOC«MaVIVBS 
BYIAIO  UCIIIt.PVlii  &C 


80, 


i 


VNKi 


:««ik» 


fi^mBmM2\ 


"?^ 


i> 


Lubricators.  &c. 


MOSSES  &  MITCHELL'S 

Genuine  Vulcanized  Fibre 

SHEETS. 
TUBES. 
RODS. 

INSULATORS. 
VALVES. 

WASHERS. 

STAPLES. 

WRITE    FOR    PAMPHLET    AND    PRICES. 


MOSSES    &    MITCHELL, 

70-71,  CHISWELL  STREET,  LONDON,  E.G. 


.  .  RATEMT  .  . 

LUBRICATORS,  OIL  CONDUCTORS. 

GREASE    CUPS. 


FINEST 


Various 
Sizes 


QUALITY. 


■m 


Stancard 

Threads 


BEARING    BALLS. 


16  8  [6  2  if" 

Cast  Steel  and    Phosphor  Bronze 
Send     for     New     Catalogue 

TEALE  6  CO.,  Birmingham. 


W.H.WILLCOX6Co.,Ltd.    « 

23,  34  and  36,  SouthwarK  Street,  LONDON. 

PENBERTHY    PATENT    INJECTOR 


For  ALL  Boilers. 


Acknowledged  the  best  for  Traction 
Engines,  &c. 


OVER    2S0,000     IN    USE. 

HANDLES    HOT    WATER.  Will  Deliver  at  Boiling  Point. 

WorKs  on  High  and  Low  Pressures. 
AUTOMATIC  and    RESTARTING.  Lifts  up  to  22  ft. 

N     3     STYLES     AND     16    DIFFERENT     SIZES 


ASHTON'S  ^^iSZ-  LUBRICATORS 


Never  fail.       Thousands  Sold 

-    ■•    SENT    FOR    ONE    MONTH'S    FREE    TRIAL.    


Size 


Pints. 


j   Price      36-  39-  45-  "75-  no-    each. 

Do  not  confuse  this  with  the  cheap,  unfinished,  American  make. 

ASK  f:r  Lilt  36.   THOMAS   A.   ASHTON,   Ltd.,  Norfolk   Street,  Sheffield 


ijfmi^Mw 


Lubrication 


-H 


"VACUUM'     WASTE    OIL    FILTERS    (Patent). 

SAVE    INITIAL    OUTLAY     IN    A    SHORT    TIME. 

Pnicv  (r.nu  37s.  6d.  t  >  £21  t-a^h.  wiUi  iiltrimj;  i.Mp.Kii!fs.  \.tiviiu  !■  iii  .■  -j.i  :■■:     per  weeh  ''•■  ■»   i:.ui''n^  per  day.     <  1"  irirct-  type*,  i 
Largtiy  adopltd  by  (la^  cnciiic  uiid  ..ilur  in.uluiuiy  usirs.     Inv.iliKibIc  i.ir  Electric  Lighting  Stations,     l-ull  p.irli^ulars  on  application— also  of  our 

Open. 


Closed. 


1   «  U  V 

=  =•00 
■=£Sc 
^  i:  -  • 

-is! 


=  I  ^.y 

^  —  *>  *• 

0=      EC 
=  i  6  ''.c 


L£  =  E 


I 

z 


•■B"  TYPE 
PATENT  FILTER. 


■Si    8 


a 

■  i.  3 


-J      u 

5    S 


VACUUM    OIL  COMPANY,  Lli^  NortolK  Street,  LONDON.  W.C. 


S 

E 

A 

M 

L 

E 
S 
S 
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Boilers 


Engineers  and 
Manufacturers  of 


BABCOCK  &•  WILCOX,  Ltd., 

Patent  Water=Tube  Steam  Boilers. 


OVER   3,000,000   H.P.    IN    USE   IN  ALL   INDUSTRIES. 

The  only  Water-Tube  Boiler  which  gained  the  GRAND  PRIX 
(Hi}4hest  Awartll  at   the  I*aris   Internatifinal    Exhibition,    I'JOO. 


Complete   Installations  of  Steam 

Piping  and  Boiler  House  Plants. 


ALSO 


WATER-TUBE  MARINE  BOILERS. 


£SriMATES    AND    P/\\^    ON   .IPPLlCAThW. 


Babcock  &  Wilcox  Ikiiler,  titled  witli  Snperhe;itfr. 


Head  Office— 

LONDON  :  Oriel  House,  Farringdon  St. 
E.C. ;  and   Branches. 


A  \-aIuable  treati-;e  on  "  Steam  "  and  "  Ac- 
cessories" Catalogue  free  on  applicntion, 
to  Engineers  and  Steam  Usti  - 


WORKS:  Renfrew,   SCOTLAND. 


I  Why  have  Scale 

in  your  Boilers  ? 


1 


You  can  avoid  this  by  using  the 

BRUUN-LOWENER 
WATER  SOFTENER. 


Write  for  Full  Particulars. 


OVER  1,000  PLANTS  IN  SUCCESSFUL  OPERATION. 

Lassen  &  Hjort, 

WorKing    Model   of  Apparatus.  tLngineCrS, 

52,  Queen  Victoria  St.,  LONDON,  E.C 


J 


F  2 


7> 


^piWHiM; 


Tubes 


MANUFACTURERS     OF 

Weldless  Steel 


and  . 


Iron 
Tubes, 


Steam  Pipes,  Hydraulic 
Tubes,  Boiler  Tubes, 
High  Pressure    .    . 
Steam  Mains, 


HOLLOW  FORCINGS, 
COLLARS.  FERRULES, 
BUSHES.  LINERS. 
COUPLINGS.  AXLES. 
PISTON  RODS. 
Etc..  Etc.. 
Quoted  for  on  .  . 
receipt  of  .  .  . 
particulars. 


Tubes 


.  .  FOR  1 

Super-heaters 

A  SPECIALITY. 

Contractors  to  the  War  Office 
J  ':\  and  Admiralty. 

Tubes  Limited, 

BIRMINGHAM. 

Nat.  Telephone  No.:  2582.    Telegrams:  "  Cylinders,  Birmingham." 
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Tubes 


I  Thomas  Piggott  &  Co.,  Ltd., 


ATLAS    WORKS, 

5PKINU    MILL, 
BIRMINGHAM. 


CAS.  HYDRAULIC  and 
GENERAL  ENGINEERS 

^    ^    ^ 

Gas  Plants  and   Conatruc- 

ttonal    Ironwork  of    all 

dsaorlpilona. 
Columna  Clrdera.Castlnga. 
Weld«dand  Rl vetted  Steel 

Plpea. 
Stamped  and  Steal  Antfia 

Flan^ea. 
Steel  Chimneya  of  all  alzea 

and  deatgna. 
Tank  a  In  Steel  orCaat  Iron 

(or  Petroleum  A  Water. 
Pana    for   Sugar,    Cassada. 

Ac.  for  all  Harketa. 

#     #     ^ 

14.  Ci.StJHOMAS  APOSTLE 

"  AlKis.  Btmiingham." 
•■  Iiitcrseclion,  London." 

A  I.  C  aiui  Ai  Cc\/i-^  ii^it. 


Steel  I-atticc  Girder  Bridge,  in  one  span  of  115  feet  m  inches,  12  feet  deep,  and  13  feet  wide,  creeled 
over  the  River  Tcim-  at  l.uilow,  nnd  carryini;  Wtlded  Steel  Main  3  feet  f*  inches  diameter, 

lor  tlic  Hirniinj;h3in  WcKh  Water  Schc-iiu'. 


THE  WELDLESS  STEEL  TUBE  Co., 

LIMITED. 

ICKNIELD    PORT   ROAD,   BIRMINGHAM. 


Trade  Mark. 


1  WELDLESS 


Th<-  OriKinal   Maher»  of 

PATENT    WELDLESS    STEEL    TUBES 


ON     ADMIRALTY     LIST. 
E5TABLIS1IF.D     1872. 


For  BOILERS 

HYDRAULIC     PRESSES 
FERRULES 
BORING     RODS 
BUSHES 


SHAFTING 
COUPLINGS  6 
GENERAL 

ENGINEERING 

PURPOSES 


.(gj^HKIEJf  Electrical  Apparatus    ^^^^ 


3^(§^EKI!e11 


Furnaces 


■\.-r- 


? 


PATENT 


GAS  PRODUCERS 

FOR    HEAT    OR    POWER. 
OVER  2,000  IN   DAILY  USE. 


SEND    FOR    PARTICULARS. 


•:f3^^^?^^  '^ 


'fj^f^'^^SrZ'^^: 


..^ 

• —     ....    ^ 

'—^ 

W.     F. 

PLANS     AND     ESTIMATES 

FOR     ALL     CLASSES     OF 

FURNACE     WORK. 

MASON,    Ltd., 

ENGINEERS. 

MANCHESTER. 


So 


IfteSi^DGlI 


Furnaces 


MASCHINEN= 
^      FABRIK 


PEKRUN 


COSWIG    (Sa.)     Near    DRESDEN, 


SUPPLIKS 


Hardening 

Annealinjj:  and 
Case= Hardening — 

Furnaces. 


For    COAL    FIRING 

without  BLAST,  with  one  or 
more  Fire=proof  mufflos  iR, 
completelj  shut  off  against 
gases  and  cold  air.  Complete 
uniform  heating  of  the  steel 
to  be  hardened.  Easily 
handled.  Low  cost  of  main  = 
tenance. 

TWELVE   DIFFERENT    SIZES. 


Exhibited  at  the  Paris  Exhibition,  1900. 
Palais  d'Electricite. 


Ascnts  for  Great  liiitain  : 

i*^     JULIUS  a.  SEVILLE  &  CO., 

14.    Water  St.,  LIVERPOOL. 


Telegrams:  "FLUES.  LEEKS."     Telephone  i. Notional ,' lr.71.     .4  i  ,t  .^  D  C  Co<lc=  nsi-.l 


Dcighton  s  Patent  Flue  & 
Tube  Company,  Ltd. 

DEIGHTON'S    PATENT    FURNACE. 

The  Destructive  Tests  have  proved  the  OEIGHTON  FURNACE 
to  be  the  strongest  to  resist  collapse  ever  made. 

MAKERS    OF    MARINE   and 
LAND  BOILER  FURNACES. 


AwjrJcJ  J  Bronze  Mcdtls. 
Paris  Ezhibllion.  1900- 


.\SHLIN   1^^7   I'MF.NT  w  11  Hl'i:  \>\  \  i:i  .1.     Ml:\\ri; 


Vulcan    Works, 
Pepper    Road,  LEEDS. 


Si 


''^0^[Bmm 


Furnaces,  &c. 


These   Furnaces  are  Made  from  Special  Quality  of  Open<Heartb  Acid  Steel 
Produced  at  Our  Worhs.  from  the  Best  Selected  Brands  of 
Swedish  and  Cumberland   Hematites. 


'®Oiv 


SUSPENSION  F 


-"sitv 


■   """«  STAB,  km  AIL  THE  UAOINC  %UM^*^ 


^ovv^o- 


SC4 


^£o. 


GREATEST 

EVAPORATIVE 

EFFICIENCY 


Of 


eP- 


M 


-n.^.v"--^ 


^v-^ 


UNIFORM 

THICKNESS. 


o^ni^^^^ 


vv\^"  s 


Flanged  Complete  by  Hydraulic   Machinery. 


^e  ueeOS  FORGE^COMP4iVv,  ^ 

^^  ^  *^^  Tbc  United  Stitcs  Survey  allow  a  constant  of  15.000 for  ^^ ^ 

Mort^on  Suspension  Furnaces  and  only  14.OCO  for  .ill  oilier  Corrugated  T\-pc^  of  Furn;Kc 


THE    THORNYCROFT   STEAM    WAGON    CO.,    L^° 

Makers    of    all    hinds     of    Steam     Vehicles    for 

Commercial     Purposes.    Lorries,    Vans,     Drays. 

Municipal  Tipping  Dust  Vans  6  Water  Wagons. 

Loads  from   1  ton  to  7  tons. 


ALL    HIGHEST   AWAKDS    SINCK    1898. 

TWO  MORE  COLO  MEDALS  AT   LIVERPOOL 

TRIALS,   1901. 

awarded  first  prize  (£600)  in  war  office 
compf:tition  of  motor  lorries. 


London  Office  : 

HOMEFIELD,    CHISWICK.    W. 
"""^  *  BASINGSTOKE.  HANTS. 


SA^.Kt.  f  IHEWOOD 

S»LlTTt»tO  ^ 

Auranginq 


Firewood  Machinery 

DOES  THL   WOffK  0/    FROM  12  TO  f<0  MtS. 
The  saving  in   waf.es  alone  means 

A  LARGE  ANNUAL  INCOME. 

« 

..  TrklTAT"  SAW    GUARDS. 

lUEv/^L.       HIGH. CLASS     BENCHES. 


Eminently  Superior. 


Admitted  Best. 


SAW    SHARPENING    MACHINES. 

IJni  viTsiill  V   Appreciated. 

M.  GLOVE'R^CrSn;':,;!;:;'  Leeds, 


BRASS    '■<»-, t^S*^ 


•      TAR  BEST 


f       Destructors,    &c. 


^^\Mt\t/\ij\ii>jL\ijik\t/\ti>Mi>i/\O\i/\t/\Mj>i/\O>it\if>Mi\ij>it\tt^>jU>Mi>tj\i0\ii>Mj\Jb\i0\M4>M/>Jb\^ 


IF  YOU  WANT  THE  MOST  EFFICIENT 


STOKER 


Coking  or  Sprinkling  Type 


WRITE    TO 


MELDRUMS 


ATLANTIC 
,      WORKS, 


Manchester 


For     Lists     and     Testimonials, 

London  Office:  66,  VICTORIA  STREET,  WESTWINSTER. 


^«J^'^»»^'^'^'^'^ap^'^'^'^'^'^'^'^'^'l^'^'4>')^'»^»>*'l^'^'J^'J^'^'^'^'»^'J^'^»'^»o^'^'^'J^o^ 


HERBERlWERmL™ 

fipoDCATE5^v/oi{K5 
BiRmiNCIiam. 

TELEGRAPHIC  ADDRESS 

"floodgate "  BIRMINGHAM. 

TELEPHONE     N?  373. 

STOCK     250.000     CROSS 


S3 


^©agME! 


Brass  Foundry 


Hunt 


and 


MittOD, 


MAKERS    OF 


HIGH-CLASS 
FITTINGS  ONLY 

Jor  Engines  and  Boilers.    =^^=^ 


Engineers'  Brass  Finishers. 


CROWN  BRASS  WORKS, 
OOZELLS  STREET  NORTH 

BIRMINGHAM. 


Patent  "  End  Sii;hl  '  Oil  UUIribulins  Box. 


Telegrams : 

■  MlITOX.  BlRMIXCHAM.' 
Tdcr'ione  :  3i>|. 


Conplcle  Seli-conUincd   Boiler 
lilquipmeDt 


CFii  Oau;;e  iDdicJtor  i  n  tsolid 
Ucarinf^ 


blejiii  CjUndci  Oic.sc  lupv 
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Killlii|;bec),t  SitM  Lr.i  I  lilntator. 


Card  Systems 


I       BUSINESS     RECORDS. 

"tr 
i- 
4t 
4t 

t 

t 

t 

♦? 
4i 


4t 
41 


It 


The  Card  System  is  a  library  invention,  adapted  by  shrewd  business  men 
to  commercial  records.  It  is  the  controlling  and  simplifying  force 
employed  in  up-to-date  BUSINESS  SYSTEMS,  which  automatically 
arranges  and  classifies  knowledge  in  any  order  required,  thus  making 
METHOD  the  handmaid  of  business. 

Our  Catalogue  can  be 
had  post  free  for  the 
asking.  It  furnishes 
full  information  on 
the  System  and  its 
application. 


TIMBER    OBDE' 


12 


:th  shop 


^5 


4t 

t 

4t 
4^ 
4i 

t 


The  LIBRARY  SUPPLY  CO  arc  makers  of  Cards  and 
Cabinets  to  well-known  Engineering  firms,  names 
on  application. 


LIBRARY  SUPPLY  C().,"''^''^"""^^,;oNDo^N:^ir°^'^ '*"'*' 

Cabinet  and  Joinery  Works— Walthamstow,   Kssex. 


<_->.-^  v—* -N.—c^v- 


tf  :>---:  _x— *:^.'-i^.-- 
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Time   Recorders 


DiSeiPLINE. 

EXA©Tjvess, 


AtiH    CiictAtM     ^'fh  ''"^  many  var 


Arc  the  THREE  E3CTOR5  Or  SUCCESS 
IN  MAN UEACTU RUNG  ORGANIZATION. 

th  its  many  variation.s  and  great  adaptability. 


International  Time  Recording  Co., 

171.    Queen    Victoria    Street.    LONDON,    E.C., 

and    19.    Waterloo    Street.    GLASGOW. 


.-Send  for  Pamphlet:  "tost  Keeping  &  Mow  to  do  it." 


(^MM 


Time  Registers 


This  illu^tiatiou  rtpresciUs  a  lew  cf   tlie   many  Uiuus;inHs  o(   workpeople  whose  time  is 

daily  recurred  on  the  '■  Di.Y." 

22    "DEY"    MACHINES    IN    USE   AT    THESE   WORKS. 


The 


May  i8th,  iSw,  Messrs.  Walker  &  Hall.  Shekiiei.d  write :  "We  are  glad  to  inform  yon 
that  the  *  Dey  Time  Register,  which  we  purchased  (or  trial,  has  given  us  such  satisfaction 
that  we  are  proposing  to  ad'  ipt  the  same  system  of  time-keeping  for  a  portion  of  our  works, 
and  we  now  have  pl-asu'e  in  handing  y  m  order  f  .r  twelve  more  machines."  And  in  May, 
I*»2,  tney  ordered  nine  inoe  in  uhinfs  ni:iking  a  total  of  twenty-two  machines. 


"DEY" 

Time 
Register 


HIGHEST 
TESTIMONIALS 
FROM   THOUSANDS 
OF   USERS. 


No  Keys,  Checks,  Cards,  Pin  PricRs,  or  Disputes. 
1,500  persons  registered  in  five  minutes.  Collusion 
favouritism,  or  errors  are  impossible.  The  exact 
hour  and  minute  printed  in  bold  type  on  time  = 
sheet.     Compare  this  with  other  systems. 


K^'  ENGLISH   manufacture  throughout. 


London  Offices — 

lOOc,  QUEEN  VICTORIA  STREET.  E.C. 


Telephone  :   5690   BanK. 


Telegrams  :  "  Countable,  London." 


for  Illustrated  Booklet,  giving  full  particulars,  apply  to 

HOWARD  BROTHERS, 


Telegraphic  Address:  "  Sonnez,  Liverpool."  _-.       «         «  , 

Telephone:  7150  Liverpool.  lU,     vjt.    UCOFgC  S 


Crescent    LIVERPOOL. 


s? 


Miscellaneous 


Used  repeatedly  by  many  Governments  and  most  important 
firms  both  at  home  and  abroad. 


TLAS 


ETAL 


y^TLAS  lyi  ETAL  &y^LLOYS  ^O.  L^D. 

52     Q'J^'^'^   v^'''o'''*  S"'"''^^''"'  L°'^°°'''  ^•*^- 

Telccrams:  "  ALOYAU.  LONDON."  Telephone:  P.O.  Central  2210, 


ALL 

KINDS 

OF 


GEARING 


^      Machine-Cut 

Upon   20th    Century 
■—  .  lines. 

No     guess    worK     or 
rule  of  thumb. 

Utmost   Possible    Accuracy 

Obtainable  by  Modern  Fine 

Tools,      at     a      reasonable 

price,  too. 

Quick    Delivery. 

You    can     prove    this    for 

yourself  if  you  wish  by 

wrltlnu 

E.    ARNOLD    POCHIN, 

Croff    Street,    Pendleton, 

MANCHESTER. 


HENRY     CROWTHER 

J&     JS     Cleckhcaton.  YORKS. 

Telegrams:  "  Crowthcr.  Cleckhcaton."      A  ti  C  Code  used. 

. .  Wrought . . 


mi\mmnm 


56-paBc  Catalofiuc.  bL-autiiullj  illuv 
(rated,  post  free  on  application. 


a    a    a    a 


PRICES  LOW. 


Send  for  List  and 
Discounts  friM'. 


QUALITY  HIGH. 


Boilers,  &c. 


THE 


STIRLING  COMPANY  OF  U.S.A. 


(BRITISH     BRANCH) 

The   Original  Manufacturers    of   ifie 


STIRLING 


WATER-TUBE 

SAFETY 


BOILER 


SECTIONAL  ELEVATION. 


THE  MOST  ECOfJOMICAL  BOILER  Ofi  THE  MARKET. 

ADAPTED  for  ANY    KIND  of  FUEL,   and 

for  either  HAND  or  MECHANICAL  STOKING. 

Specially  suitable  for  Firing  by  Gas  from 
Blast  Furnaces  or  Producers,  or  for  utilising 
Waste  Heat  from  Heating  Furnaces.  Upwards 
of  1,300,000  H.P.  of  our  Boilers  in  operation. 


ESTIMATES      GIVEN      FO^f      COMPLETE       BOILER-HOUSE       EQUIRMBNTS. 

O^LY     ADDRES5     IN     GREAT     BRITAIN^ 

53,  Dcansgate  Arcade,  Manchester. 


TKIKPHONK    ,?oyS 


Telegrams        ■TLIIULOLIS.    MANCHESTHR. 


S.  HOWES, 


1 


II 


I'-. 


Hydraulic     d     Milling      Engineer, 

64,  MarK  Lane, 
LONDON,    England. 


"Eureka     W.nter   Motors,    and 

Pelton  Wheels. 
"Eureka"  Grain,  Seed,    CofTee, 

Riceandlea  Cleaning, Grading 

and  Hulling  Machinery. 
Portable  and  Stationary  Forges 

Electric  Fans.    Cranes  for  all 

purposes. 
i    Corn    and    Starch     Machinery, 
*        Windmills  and  Pumps 


LITTLE  GIANT    TURBINES  .To^'v^TrTgiL. 


Our    New    Catalogue    on    Application. 


:^^^r^ 


'fm^^'JF>^(^M 


Miscellaneous 


J.  Fredk.  Melling, 

14,  PARK   ROW, 
LEEDS,    England. 


Iron  &  Steel  Bars,  Plates,  Sheets, 
Ciirdcrs,  Channels,  Angles,  Kails, 
Blooms,  Billets,  &    Slabs. 


Write  tor 
Section  Lists 
and  Prices. 


In.\IH>\      1,11-1 


t'f  J.B.Treasure&GO- 

Excelsior  Fire-Polished 

GAUGE    GLASSES, 

LUBRICATORS, 
INDIA  RUBBER     WASHERS, 


jl    ^='         Vauxhall  Road,  Liverpool. 


Hall  &  Sons, 

Ltd.. 
engine:  EFCS, 

PETERBOROUGH 


We  make   a  SPECIAL  Compounil 
Direct  Acting  Slow  Running 

Boiler  Feed 
Pump 

ECONOMICAL  AND  EFFICIENT. 

We  deliver  100  lbs.  of  Water  for 
the  exper\fliture  o<  I  lb.  of  Stean). 
Tills  with  our  2,000  gallon  Pump, 
and  a  much  higher  efficiency  as 
the  size  of  the  Pump  iqcreasei. 

AN     IDEAL     PUMP      FOR      GENERAL 
BOILER    FEEDING    PURPOSES. 

Afl'I.Y    roll    PAHTlCX.'IJiRfi 


l)0 


Boilers,  &c. 


If 


THE      IVIOFSFeiN       F»ATENT 


"  Water-Tube  Boilers. 


ADVANTAGES. 


No  Screw  Joints 
No  Metallic  Joints 
No  Packing  Joints. 

No  Cast  Iron  Pipes  or  Headers 
to  cause  trouble  from  expan- 
sion and  contraction. 

1$  Perfectly  Safe  and  able  to 
carry  High  Pressu  es. 

Produces  Staam  Rapidly,  not 
only  Absolutely  Dry,  but 
Superheated  to  over  80  deg. 

It  is  accessible,  readily  repair- 
able, and  can  be  examined, 
chanad,  and  tired  with 
facility. 

This  boiler  occupies  less  floor 
space,  and  will,  under  equal 
conditions,  evaporate  more 
water  per  pound  of  coal  than 
any  other  on   (he  market. 

It  Is  a  Boiler.  Fuel  Economlser 
or  Feed-Water  Heater),  and 
Superheater  combined  in  one. 


Over  500.000  H.P. 
in  use. 


Climax  Works," 
klU)[)ISH, 
MANCHESTER. 

London  : 
47,  Victoria  Street,  Westminster. 

Sole  Manufacturers  .  . 
outside  U.S.  America. 


WRITE  FOR  CATALOGUE 


rclci;i.iins  : 

■•Heroic,  Reddish." 

lelcplioiie  : 

N.I.  47  He.^iox  MoOK. 


JOHN  SWAIN  6  SON,  Limited, 


PHOTO-ENGRAVERS  IN  HALF-TONE  AND  LINE. 


MACHINERY 
REPRODUCED   IN 
HIGHLY    FINISHED 
STYLE   FOR 
ENGINEERS'  AND 

ANUFACTURERS' 
CATALOGUES. 


WOOD   ENGRAVERS  AND  ART   REPRODUCERS   by  all   the   Latest   Methods. 

58    FARRINGDON    STREET,    LONDON.    E.G. 


Three-Colour  Process    a  Speciality. 

West    End    Offices  : 

163a.   STRAND.   W.C. 


BMMEm^         Superheaters 


t 


If  you  use  McPHAIL  6  SIMPSONS' 

patent    Dry    Steam    Generator 

.    .    and    Superheater 

A  saving  of  not   less  than  1  5    per  cent,  of  your  expenditure  in   Fuel  is  guaranteed. 

Some  additional   Advantages  : 

Improved   evaporative  efficiency   of  the   boiler. 
Perfectly  dry  steam. 

The  generation  of   superheated    steam   at   a  controllable  temperature. 
Improved   circulation   of  the  water  in  the   boiler. 

Reduction   of    wear  and   tear   in   the   boiler  owins    to   the   avoidance   of  unequal 
expansion   and  contraction  strains. 

APPLICABLE    TO    ALL    STEAM    BOILERS. 


McPHAIL  &'  SIMPSONS 


WAKEFIELD.    ENGLAND. 


1    DRY    STEAM 
PATENTS   CO.. 
Ltd. 


y» 


|j%i®MDKll¥        Office  Fittings 


VANISHED! 


You    Know   You    HAD   it. 
You    Distinctly    Remember    Having    SEEN    it. 
In    Fact    You    Noted    the    Letter    Particularly. 
Nevertheless,  IT    HAS   VANISHED. 


Yes,    it    is    True    that    Clerks    arc 
Sometimes  Careless;     but 


HAVE  YOU  GOT  SYSTEM  ? 

Experience    and    Commonsense    go    lo    Prove    that 

The    Only    Really    Effective    and    Reliable 
System    of   Filing    Correspondence    is 

THE  NUMERICAL  VERTICAL  SYSTEM 


SOME  //      A  Number  for  Each  Correspondent.       \l  SOMt, 

r»  *--v  T  V  T  •-i^  o  I       Direct    Relerence   to  any    Particular       I  lJ/~»TKn^C 

POINTS.  I  rn....-„„H.„.»  /  I'OINI^. 


Library  Bureau,  Ltd., 


10,    BLOOMSBURY    ST. 
LONDON.  W.C. 


MANCHESTER  :    12,  Exchange  St.      BIRMINGHAM  :  The  City  Arcades. 
NEWCASTLE=ON=TYNE:   Union    Buildings,    St.    John    Street. 


VJ 


Miscellaneous 


The   Attraction 
of  Good  Printing 


Wc  arc  the  'Pied  Pipers'  of 
the  Printing  Profession. 


Let   us   Pipe   for  you. 
The  Orders  will   follow. 


Send   for  Specimens, 


SOUTHWOOD      SMITH    6    CO..     Ltd. 
Plough   Court,    Fetter    Lane, 
LONDON.     E.C. 


fm€i>lBmB 


?liS7 


Office  Fittings 


How^   do    you    Know^  ? 


If  you  are  losing  or  maKing 
Money?  If  you  want  to  be  quite 
sure,  and  not  have  to  rely  only 
on     an     Annual     Balance     Sheet, 

You   should  ADOPT 

™  SHANNON  CARD  INDEX. 


Wherein    you    can    gather    full 
information     on    Hundreds   of 
subjects    in    one   drawer. 


This  Card  Index  System,  combmcd  with 
The  Shannon  Letter''Filinp  Cabinet.    >< 


makes  you  independent  of  j'our  staff. 
You  can  look  up  matters— Letters, 
Answers,  Contracts,  Enjja.yenients, 
iK-e. — without  ringin!^  your  bell  all 
the  time. 


Secure    Instant    Reference 

by  using  the 

Shannon     Filing    Cabinet. 


If  you  use  a  Shannon  Rapid  teller  Copier,  this  files  the  copies  Willi 
the  letters  to  which  they  are  answers. 


AVpite  or  call   to 


F.     W.    8CHAFER, 

.Wjn.j..:rn,c    Director- 


THE  SHANNON,  Ltd., 

Otficc,   .iGiiiU;,  all^  Sbop  FitrciT-. 

ROPEMAKER     STREET,     E.G. 


^iiWfc^ 


Card  Index 


No.  17. 
Top. 


No   902. 

Book  Casr 
Section. 


No.  53. 

Card   Index 
Section. 

5  by  3  Cards. 


No.  64. 

Card   Index 
Section. 

6  by  4  Cards. 


No.  85. 

Card   Index 
Section. 

8  by  5  Cards. 


No.  20. 

Vertical 
Filing 
Section. 


Base 

Section. 


Card 

Index  i^B 
Users 


Kcqiiiic  such  .t  v.-uic-lvof  si/esnf  c:ucls  that  KOCK 
\VEI.I..\V.\H.\SH  K.XI'.WSION  lUSINKSS 
SYSTKMS  li.ivc-  hctii  aiian^icil  lo  supply  this 
ciciiiand  by  iiicoipdratin.i;  st-ctions  (liat  contain 
drawers  or  files  which  will  hold  three  sizes  of 
cards,  5  by  3,  6  by  4,  or  S  by  .i,  so  that  the  necessity 
01  haviii};  special  cabinets  built  to  accoininodate 
the  various  sizes  is  obviated. 

As  it  is  impossible  to  ascertain  in  advance  the 
e.xact  capacity  required,  we  have  an  additional 
advantaj^e  in  being  able  to  add  to  our  cabinets 
any  section  or  sections,  increasinj;  the  capacity  ;it 
will. 

Our  main  sections  are  subdivided  into  smaller 
sections,  containing  lour,  live,  or  six  drawers,  so 
that  practically  any  desired  increase  oC  capacity 
can  be  obtained. 

I.clterlilinfj  sections  can  also  tie  incorporated 
in  the  same  cabinet  as  well  as  any  other  of  tlic 
many  devices  we  manufacture  for  the  classification 
and  lilinf"  of  documents  of  every  description. 

The  illustration  shows  a  porli<in  of  our  line  of 
liXl'.XNSION  C.XBINKTS. 

WE  GU.'VRANTEE  :  That  if  upon  •ielivtrf'  <»"i 
careful  hnptitiou  our  claims  to  superiorily  over  any 
com/>etinf;  product  are  not  sustained^  or  the  gootis  fail 
to  i^Tc  the  salisjaclion  to  which  the  purchaser  is  en- 
lillcil,  they  may  he  relumed  at  our  expense. 

None  but  the  Vendors  of  the  best  can  afford  to 

print  this. 

OIK  CATAI.OGIES  Will.    INTERKST  YOf. 

ROCKWELL  -  WABASH    CO.. 

Limited, 
69,  Milton  Street.  LONDON.  E.C. 

EULIOTT  D,  KOUBINS  .l/.l:;J(,riiA   Ihii.U'l. 

Tclenram>:  "OoivrK.  I.oMiox."  Tilcflicnt:  jhoj  Lonpo.v  Wai  r. 


fiMi^^mum 


HEYWOOD  &  BRIDGE'S 

Improved   Patent 

^^FRICTIOW  CLUTCH 

10 


A    Clutch    for    all     Trives 


Hundreds  of   Repeat   Orders. 

Thousands   Working. 

Complete   Clutch    Installation   our   Speciality, 

New  Work,  (;o  pages.  Free. 


DAVID  BRIDGE  <S  Co., 

Castleton  Iron  WorRs,  ROCHDALE,  LANCS. 


The 


MclNNES-DOBBIE 


PATENT 


Indicators 


NO.  2 

instrumekt. 

External 


HIGH    <5    LOW 
SPEEDS. 

In  CWO  CVPCS:  — 

External  Spring 

and  =  =  - 

Enclosed  Spring 

Kach  llKldc  ill  scvcr.'l 
Forms  and  Sizes. 


SPECIAL  INDICATORS 
for  Gas  Engines. 


Sole  MaKers  : 


T.S.McInncs^Co.,Ld., 

INDICATOR   MAKERS    TO    THE    ADMIRALTY , 

41  «a  42.  Clyde  Place     =     =     GLASGOW. 

London  omce    113  FENCHURCH  ST    E  C 


TRIUMPH 
STOKER 

TRIUMPH  STOKER  L?. 

3S,  VICTORIASr,  LOUDON. 


Miscellaneous 


.IBcst  Moi-F?  rciiuircf^  I3c5t  Xloole. 

The  CORRECT  TOOL  for  WRITING 

/S        UNQUESTIONABLY       THE 

"SWAN" 
Fountain    Pen. 

Three  Sizes,  10s.  6d  ,   16s   6d  .   26s. 
All   Prices,  IPs   6d.   to  £20. 
MAY  BR  POSTED  TO  ALL  PARTS  OF  THE  WORLD. 


i    t 
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< 


SOLO  BY  STATIONERS  EVERYWHERE    COMPLETE  CATALOGUE  FREE 

Mabie,  Todd  <5  Bard,  •""•"^='""« 
93,  Cheapside,  London,  E.C. 

05a,  Regent  St..  W. ;  3,  Exchansc  St  ,  Manchester;  and 

37.   Ave.  de  I'Opera,   Paris. 


v7 


i||te(§MDKEf Miscellaneous 


The 


Remington 


Is    the 
Universal    SaVer. 


Typewriter 


It    is    a    Time    SaVer.    a    Labour    SaVer, 

An    Expense    SaVer,    and    a    "Business    "Builder. 


WYCKOFF,  SEAMANS  6  BENEDICT 

iREMINGTON      TYPEWRITER      CO., 

100,    GRACECHURCH    STREET,    LONDON,    E.G. 

West   End   Branch  :    2b3,    OXFORD   STREET,  W.  And   all    large   Towns. 


Waygood  &"  Otis, 


LTD. 


Electric 
Hydraulic 

Belt  Driven 
Hand  Power 


LIFTS. 
CRANES. 


N-> 


Falmouth    Rd..   LONDON.    S.E. 

*.    QUEEN    VICTORIA    STREET.    E.G. 


THE  NEW    MANIFOLDING 
HAMMOND    nPEWRITER. 


PERMANENT    ALIGNMENT. 

INTERCHANGEABLE     TYPE. 

DOES     NEATEST     WORK. 


CATALOGUE,  with  full  particulars,  Post   Free  on 
application  to 

THE    HAMMOND    TYPEWRITER   CO., 

50,    QUEEN    VICTORIA   STREET,    EC. 


yi. 


Inl/iOfigDKliETr      Filing  Cabinets 


DOSSIER 


L 
Y 

L 
E 


Catalogue    and    -full    particulars    of 

THE  LYLE  CO.,  L 


TD. 


F 
I 

L 
E 


Card    System     and    Office    Experts, 


Harrison   St.,  Gravs   Inn   Road, 

LONDON,    W.C. 


Branch   Office  : 

CLEVELAND    BLDGS.,     MARKET    ST.,     MANCHESTER. 


BmMmif 


Miscellaneous 


■Ir 


CONTRACTORS  TO  M   M  COVtRNMENT.  FOREIGN  GOVERNMENTS   HOME  &  FOREIGN  RAILWAYS 


T 
E 
0 
N 


'Co 


V 


•'POP»T,HCrvBMSeSTABL,S.,,Oo„„      „o->«l_— ;, 


fl£MING.BlRKBY&G00DAll> 


west  Crove  Mill, HALIFAX 


■  •->''"■'*.  HllirCRIIATIONM  IXtlBiTIOH  HWSUOS        CIlBEv;    , 


Tlll-oraphic  Address:  "  FLEniNG.  HALIFAX. 
TELet-MONE   No.  48    Halifax. 
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E 
L 
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I 
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If  it   is   Money  you  Want 
CARBORUNDUM 


Use 


The  20th  Century  Abrasive. 


Vt>  linu-  :  liiiif  s,i\tvl  in 


\\  OWKMCN    I. IKK    TMHM. 


Others  use   it,  why  not 

YOU  7 

Write    Us    or   our    Acenls   foi 

Cntiiloijiic  .-ind   I'm't***. 

THE    POLISHERS 
SUPPLY  CO., 

27,    Chancery    Lane, 
LONDON,    V^.C. 

TcUyr.inis  : 
■    CkIuKIN.    I.OMKiN.  ■ 


British 

Steam 

Specialties 

LTD  , 
FLEET    ST., 

LEICESTER 

Tclruram*  :  "  BOSS." 


E.S.HINDLEY&SONS 

WorKs:    BOURTON,   Dorset. 

London  Show  Rooms  and  Stores — 

11,  Queen    Victoria    St.,   E.C. 

STEAM 
ENGINES 

HIGH  SPEED. 

SLOW   SPEED. 

VERTICAL. 

HORIZONTAL. 

SIMPLE. 

COMPOUND. 


Ulritc  tor 
OuciJtions. 


lOO 


Why  Throw 
Away  .  .  . 


7 

ID   to  LJ  °  o  of  COAL  in 

WASTE 
HEAT 

—up  the  Chimney  ? 


IT   CAN    BE   SAVED  by  the  adoption  of 


^PVHICMT 


GREEN'S    ECONOMISER. 


Can  be  applied  to  every 
kind  of  Steam  Plant. 


ILLUSTRATED  CATALOGUE  from 
Inventors  and   Patentees 


E.  GREEN  &>  SON,  Ltd., 

2,    Exchange   Street,    MANCHESTER. 


Telegrams:    "ECONOMISER.' 


HIGH=CLASS    #     ^ 


Electric  Lighting 
Engines. 


ta  s> 


J 


McLaren's  450  l.H.P.  Triple  Expansion 
Surface  Condensing  Engine  with  Dynamo 
for  Driving  Engineering  WorKs. 


ALL   SIZES    FROM 
200   to   3,500   H.P. 


Specifications  and  Quotations  on  application  to— 


J.  6  H.  McLAREN, 

Midland    Engine   Worhs,    LKEDS. 


Prictod  by  SonilwooD.  SMItU  &  Co.,  LinuUd,  Pli.uRh  Cciurl.  Kclt.r  l.nf.c  London.  E.t..  and  Piiblishfd  by  tlic  Pioprielon.  of  PAuk  >  Ha..v/i.m.. 

Cluu  Hou*c.  Siirrc)  iitrcr!  Slranri.  t>ii)diin.  \\  t. 


